Behaviour of the Freshwater Fish, Channa Punctatus Block., Under Toxic Environment by Mumtaz, Asfa
BEHAVIOUR OF THE FRESHWATER FISH, 
CHANNA PUNCTATUS BLOCK., UNDER 
TOXIC ENVlRONMENTo 
THESIS SUBMITTED FOR THE DEGREE OF 
IN 
ZOOLOGY 
BY 
A B J P A I M C U M T A Z 
DEPARTMENT OF ZOOLOGY 
ALIGARH MUSLIM UNIVERSITY 
A L I G A R H 
January, 1984 
AB3f»A67 
th« 0«iMiltlTitj Of iglMyuyi oiiiMitMtii« to o«taX •*!.%• of 
m9TQ\ir:f, oopp«r and sine vas <!«t«nila»d by ecm^uetiiiiS Abort 
J^'/laticms i s ti^ @ ^shaTldoral patt«m of tlio fifti&«8 
\md«r »9tal ®tr«^s wors fftordiod • FiakiN» ii@6a«i« hy]>«raoasltlv« 
al&owiiig riol«at .!io'^ill^ta«''9rratl9.^&wtof4.figt ;}uia|»a» loss of 
•(|uilil>riu3i, ip f^iturl}o<l 'fin 7iM>7e39nta-f pref9r«Hao« and avoidano«> 
for food and j^ rHy re&ponam ta extornal stimuli, an laoroase 
in the rate of op«roul»r ;aoV«ra«nt!3 with aus inoraaa® In 
conoantration «tfid axpoaurs tl;i>e was also notiooabla* iioavy 
miMSia praoipltatiOQ VSMP, ;r^ ot.4^ ed oovering tha aatira gtLl 
surfaea and tha oodj atirfaeo of the flah. 
Fatholoirloal 0|r»pt9«a of daath wmrm alao raoordad 
durlag aliort tara ftiMwiaar taat^* ;iaapiratory dlatraaa vaa 
tiia aoisaan 9mvM9 of daatk of the fiahaa dua to aziioaura to 
mmmwtf9 ooyjptv mmi aiaa. Othar ajn j^yteaa of daath of fiahaa 
rattorftaA la %aa%a with tha thraa toxleaata w«f ooirrtaaioiia* 
•pmxmXfiMf ataxia* ha«MMnrhaga» oadaoa and ioaa of aqullitMriua. 
• i l • 
of tt«%«Io f)»r 41$foront lutorralo of tliM and th« IIC.Q ipmX«o« 
for 24f 4S» 72 aaA 96 hotire woro €otorffliii«4* onaititrttjr of 
^ilinfH p^ RQ<tati^ _ to %ho throo <aet«a.« wae dotwiaiiiod by 
•Vftluatiat tlio ySmQ vaiuoo of ti^ooo toxieanta for aifforwit 
%iao iatorvaXo ana thooo voluoe irora 19.43$ t3«51t 4*92 and 
3#45 ppm for aoreiury« a3«fc# 35#23, 26.40 ana 21.46 ppa for 
ooppor and. 1090«ai, 1009.05, d'?6.0? aad 77^.66 ppsi for alnc 
roopootivoly* 
l*rooaaablo harsXiNas cono«ntrmtl0£i9 were also dotoritiaftd 
'usifig tho ratioa of 24 BM •*& hoiur® ^v^^ ¥alu«a, Iboao Taluos 
for moreury* ooppor amd sine were 2»fj4» 1.575 aa4 i>53»75pp'-s 
rdeijpootlToly* 
i'laiioe war® au&Jacted co sublatiial coBoantrr-itlons for 
forty daja to datwrralna tho saJ'® oonoaatratione of mareorF, 
ooppar and sino for thla apeoleo ^f f i sh . h« values stand ae 
0,05 ppm for m&TQua^p 0#5 ppta for ooppar and 12,5 p a^ for sine. 
Eaaldtiai oaqr^ iaii bioaaa^s urara oonduetad to datarmina 
tfaa titraaboXd toxittitjr of tha ratals , rha flahaa wrm kttpt 
in aaalad iara lurriac gradad oonoaatratioaa of tlia toxioaata* 
th« axygan ooatant la tiia jam, aftar tlM daath of f tabaa waa 
aatlaatad to obtaia tliraalioa,d toxiaitjr raXiiaa. ihaaa raluae 
v«'^ than ooaparad vith %hm aouta tox&aitjr raluac to dataroliia 
tha ratio and to a t ; ^ tha toxleitjr of aatala to SSUttUk aaaetatuM. 
\ 
thmf vsXum vtrt tom^ to fiupy in tli« ess* of aontur^ t^ 3M& 
99ppmt whme—B oii3^ 96 hour IIO^Q valu« of tino v»o oon s^arft^ Io 
irlth %ho %luro«lioia toxielty vaXmo* 
aiotopttlboXocioiiI oiittii«o« la «1U»* Iiir«y atid %&« kictucor 
^^ SSUUSUk fWlfflftlut oatuiod by tli« tiiroo motals at 96 hours aa^ 
20 Any* of oipootiro voro alao InToatl^atod. 
Tlio hiotolofflool plot'JTO of g i l l s after th© oxposuro of 
tlio flolk to tlM tosiooata showod ftenudation ana traouolatlon of 
epltlioiliiui* liirpertroptojr of muoouo oells» and d®$j tract ion of 
^pillar ooll tftfrntmrn. Other foatmr*© of ssttfO. poisonings obe^nrod 
in g i l l o iiKiliadoi tho fusion and nooroeie of seoondary g i l l 
laaolla* with loo® of blood, ce l l s at tho bane at* las3®lla#» 
Hiotopftthologieal ehang^iB in l iver inoludoa a«*.?:en«ratian 
c 
of hopatio tioottOt pfmstttc nucloi* iti^pertrophf anti hyporplasia 
of biQMiti'O oolio of kopAtio oellB • iMmm® to oonni*ctlTe tiaaue 
r«iialt«l la iioeroolo AOi tho oxvlargeMnont of intorcollular 
opaoiNi • 
th9 »b«z^nitioa« produood in kidney of tho flob duo to 
«ipo»uro to tiM %kaf— »«t«ls voro dootruotion of hoaopoitlo 
tis^uo oeoorrttMio of baoaorrba^e fool «irollia« of gloiBorttli» 
of rmmX taHuloo oad vsMuolation ia renal tuoular eoXlo. 
/; 
•'' '^  
i?bi« oortoinlilff. oauood aa iapalrtaont of tho fuaotloao of ieidnoy 
of Q>*iffflB SUBftlAlM* 
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1 
l0 a r<i@r«ttabX« faet of taodom e ivHiaat ion • iater and a i r 
quia.ity baa i»e«ti iidtTersdly aff9ot«d with th« r^stalt that <rr«a 
th« survival of a numbor of aaltmL apooioo liaa booomo dlfflouXt* 
i^vlroaaental pollution not only ehang«8 tho bio logical and 
phyoio-ohs-aioal aqui l ibri t^ of an ooosyatosa (Turtc at, SiL* 1^75) 
'!3ut iU.80 intrOducds undesirable torBiffi 8ub3tano#a into i t * In 
t n l s »ay Industrial waiftaa, post ic idal and rani'steidal roaldues, 
r dio aotiy® disohargea» ^iaomrded batteries an^ l plaatio traatae 
'irnk;® their wa:/ into aquatic eoofflyetera and a rtifficult s i tuat ion 
i s oreated. 
I'ha toxio effluent© froa pap«r tsllla* tanneriae, d i a t l l l a t i o n 
pXanta» au^ar iaills» aabmitos and oamant faotorlcMi hava aoida» 
alkali«e» orgaaio imataa* saatallie aalte and o l l a whlob ara 
injurious to aquatie frnveem aapaoially tha f ish** a u ^ oontaniinatioi 
baa affaotad over rivar ayataaa and tha altoraXiaaa hare baeiMta 
pollatad from ladtMitrial vaataa that ara pourad i a t e tliaii throagb 
iadiiatrial aatalilii^taiaBta wiiiali ara looatad oa tlia baaka of 
riT«ra« lalcaa and atvaaaa* fhia haa eo&aidavabijr raduoad fiali 
popalatioii and food ergaaiaao avaa in major rlvar ayataaa 
2 
liMlttAiiig tlM teagM* It 10 therefor* Ms«atl«l to d«t«rs|jM 
«ii« i^mio«lb2.« Hal t* for ohtcaioaX toxieante ia aqufttio 
•oo«5r»t«a8 vitli a rXmt to fina out th9 oxtont to vhioh auoii 
mauatrlalisiiitioii 9m»M iMi poraittod. 
Tho preoont studio* «m tlio tosiolty of tho ooanoreially 
important tinh, T%B?ftlffi a^aetatua Jlooh. to tmrmirs't ooppor 
and sBiao wer® tlisrefor© yHadlortakoai -sritli tlii» adai la vlow* 
ainoo tho availabXo Information <m tho toxioity of 
oii<K!»ioal ootipoim^s to fiahea i s mm^^e and rolatos tMotly to 
aduXt fisii«09 i t vas! alao oonsidorod desirable to eotabliah 
oaao line data coneoriaing the ausieootibility lerela of tho 
Ju^fwtile st '^os of if^ yffl^ f t^4acf1i^ tuaj to tlieso taatals. fhe 
paraEseters u.-^ a^ ta l^otersnia© the behaflounal aspeete of heaTy 
<ietaL naisoning «rere mi.riationd in swiainiiigf s^ rrefflaats of fine 
and «yoo» axiiS operouliyr boats, iospiratioit of the fiahoo imo 
aloo atttdiod and observationa on operoular raoYoaonta vera aada 
to find out the iaoroaeo or deortMiao in tho fro«ia«aoy of thaaa 
aoirefliaiita irbaa the fiahaa are aubjoetod to aatal atroaa. 
Hadlaii tolaranoo lifBits of S^gaUk AlBAlilllft ^ aarmtxyt 
ooppar and aiae voro atudiad at aouto and aiaUHacato wxpoawtm 
levoXa at 24» 4llf 72 and 96 hoiara and fO» ao* and 40 daya 
raapootlToXy* ia auali a nay that tomporatuFOf hardaaest pH 
rasialAOd emiataat a t a l l lavola. 
3 
sito^tiatieftl «a«Jlr«is wm mtA9 to <l«t«raiSji« tli« WmQ valttM 
for 241 4S» 72 mnA f6 lioiufSt aad to find oat tho ro la t lvo 
toxloity «a4 9r99wmhX(it luuniloas ocmotntratiofi vaXaoo of tho 
throo isotaXa* 
^porlaoato iroro also oonduetod to ootiimte tho amoimt of 
oxjrgon oofisumod using roaid\kal oxsrgon mothoA in tho highor smd 
lov^r ooAC«mtratioa3 of the motal s a l t s . This laothod oaa ho 
empXoyodl. for dotootlng tho toxloaists that mm^ bo px^omt in a 
wator body, «iiiothor isiportant aapoot of tho proeont study wae 
tho «9tla':,,tlon of th© p*athog©ii©oity of lioavy sietals %o 
2)i^a>iopjaf atmotat^B. or thl© purpos© th© hiatop^ithoXogioal 
a^j^rrations r>roduood by lorcury^ copaer m^^ i sine in tha g i l i a , 
l ivor aai ?cldn«y «ir«ra atudiod by oxpoaia.:: the fiaho© to aeuto 
iiiid sub-.^icat® lavela of tiioae aetala* 
i?h@ aooTo stadiea, I t i e ixopod would Oe uaeful in taiIoria< 
oXoar out and aotion oriwxtod wator quMity improriMiioat 
programmoa. 1?ho roouXte obtaiaodi siay aleo add to our kaovXodiro 
of tho eonei t i f i ty of fiatiee to aquatie poXXutaots and ohouXd 
00 hoXiM u^l in f ish farming* 
4 
KMnm or utimATcaii 
«ifith tii« adT«at of inauatrlaX r^roXutioa* InoluSlng th« 
app«ajr«io« df ajmthctio iniiootloidts, hasardo\ui •ffeots of 
•riTlron»(«ritaX eontaaln itian haTo boooao a truth and a oorvay 
of t!io hlatory of pollution oontrol prograi!@«a iil^hll^taii 
til* ineroaain^ dan^ars to hunan miTlranaaait from sueh pollution. 
And 00 a P^^lio iiaalth Aet vaa ftaaaad in 1375 in hoxkaoa* i^ hera* 
aftar another aot waa passed in 1 ci76 ooncoming river polluti«m 
and the diapoaal of ««irai;« in watar bodias. thm apraad of 
industry s»i.fnaXle4 fraeh, dangars and nawar toxioante bagan 
oollaating in tiia rivors. Copper and load aalte froa talnas, 
oyanida «aig»tao» ataaonia md ooaltar from a^ ui vorlca prorad 
hasairdoiia to fish ooneuaity* Thuo in 192?t a Balaton Fiahariae 
Aot aaa paasad in l«ondon s i t ing i t an offaoiea to pelluta t idal 
and m»aing vatara with imtarials aliieh vould iftjura fiali* 
Xlia diaaharga froai tha faatorlasf di t t iUarlaa and pmpmt 
a l l la raanlta in da«p«Mad osygan aontattt af vatar and toxio 
aii^totaaaaa mmh tm wmrmaryt aeppart sia«f laad« and eadtaium 
la vatar baii«a airaratfljr affaot tlia f i ^ fnwia and ottaar 
aiuati« argaftiaas* Slia affaata af ataatia paUmtioii by induatrial 
iMMitaa ara indaaC itlatarloiia «id i t la ld#ajr daaiy»l»la t t e t tlia 
5 
i l . iJk* (^958) r«oovi«4 b«ttV3r fiMh nortaXltjr in rlrwt aon in 
iilimrm Sh9 mor%aXi%3' vas tt%trili«t«i to Mgii ooneontration of 
oliXoriiio and low dUsaoXvod ojqruwi frota pulp and paper salll 
offXuoata* iliilo aiu»«h l i i^* (1973) otudiodl taanatrial 
pollutioa In iioogliXy ostmi^r/* nhdro aoarly htmdrod aiffermit 
kinds of faotorlos vere loeat«di. 
I» liitiO, a fimgioid® oontalnlng ^oroury waa uaod but m^a 
latar tjaaned duo to i t s high skaa'aallan toxicity* *3opper 
entora aquatic orivlronaMmts fro^ a miaingt metal vorks, fro.'S 
the tta« of fiai^lol<3«a and fru-n pXantiiij^ works, .-iarcui^tfeoppar, 
aM zinc ar« the co'55rioa poXXutante of wator 'ao(!.io«« Another 
important aauroo of stetaX poXXution la tho etooX industry vith 
thoir TMtaXlisiag Xla«@ inroXvlag tinnio^v pXatii^ and 
ipyivanising. Th« vaete g^noratod aa/ ^a oonta:3iBat«d «ith 
ohr<»Mta0 oyaaidot fXourida, ttiao» tiat ooppar» aeida sm^ 
aXkalies. Tha toxio oubataaeaa praoaat in tha vaata raauXt 
in i t i ^ poXXtttiOB potoatiaX (Olialearborty 1975)* ^•orgm t i §i^» 
(1966) raportad tliat affXuanta frea sagar aiXXa oatoaad a 
aaaalTa kiXX of tlia flab in Sallaadi naar iulaiidatuihar. WbiXa 
Akamai (1979) avoXrad an objaativa progiwiMa for ^ a ooatroX 
af iiidwatrlaX poXXutlea from Um$mt&nrh (DaXlil) draiaaga in 
tlia rivar Jaanaa* CardeliMo jKl iJL* (19^1) aridanaad saaa 
kiXX af fiahaa daa to aataX poiaaaiag la Indian rivar and 
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Nasfiiite IftcooB on thm north eeast of Tloridft botvoon I4tli Jtmo 
•aA 7th JiaXy 1900. fhoy ohaowod f i«h«8 eonlne to oucfaoe vlth 
aaooordinatod aoiroaonto hoforo doath, 
Stttdioo oo tho tezlol ty oauood by attola worn InltlAtod hy 
Ooupor in 1337 vtio vo^ortod a doooaao olsllftr to paxlrlnoolwBi in 
wozlcoro oaittgoa in a«Rgaii«ao duot induatrloo* A ataabor of othor 
voslcoiro Including Mathows (1904), Carpontor (1924, 1925, 1926, 
1927 and 1970), Hllla (1957, 1940 and 1947), Jonoa (1935, 1933, 
1939, 194C, 1147 and 1948), Abagg (1950), Boudoroff and Kata 
(1953), Eatoa (1974) and Andros and Garton (1960) have alao aado 
notable oontributiona to our knovlea^e of aquatic pollution. 
lioweTer, no detailed Invaatigation aaaaa to hava baan mada to 
attidy tha uMiohanlan of haary a»tal toxicology in India. Moat 
of tha vork that baa ao far baen dona ralataa to bloohanioal 
and bistopathological aapoots of polaonins. Saatxy and Qupta 
(1978) atudiad tha affaeta of aaroario dailorlda on tha 
diiottlTO ayatOB of O a^fia^  ptmotatua ifeila Kaala and Hora (1974) 
raooxdad iapainuint in avoidiac pxadation by Oaah^fia aip. vhan 
•abjaetad to aaxousy psaaausa. fijayaaadhavan and Xwal (1975) 
ataAlad tha axtaat af aatal paaatration in tha taata bada of 
tha gold fl(ri&, Oagaaalaa i i l j l m - Faaigxahl and Miara (1978) 
atmdiad tha affaata af aavouay on Anabaa ^andaaa aad found 
that 3 af/L of aaxaaxy awiaad hlladnaaa aftar thsaa waaka of 
applioatlon. 3aatxy (1980) ooaduotad axpaxlaanta to atudy 
7 
ehmrw^ jMtttomiM tmA dti«ii«r«tloii of oollo In tho llvor* 
kldnojr and tho « i l l « . 
Tho offoeto of oopDtr |>ol«OiiiBi liavo oloo boon otudlod 
hy ooM Indian voxtoro. Pant fjL ft)^* (1980) workad on Pm^ i^uf 12. 
and soportod that toxioity of ooppor wao roducod in hard vator. 
aupta and Eajlt^ anahi (1979) notiood pathologioal cdiangao in tho 
tiaottoa of Iftlfigffigia^lHlti l i i ffUli l whon axpoaod to ooppor. 
Shatnagar (1974) alao studiod pathologieat abnoxaalitlso lAion 
HflfygPOfttff^ffi t9Mn%9 wao oxpoaad to aalt i of oooT e^r. Aeuto 
and ohsonto toxioity of co^por to Caws-^ aluo qmratuo hat hmen 
studivd by Sultan and Khan (1981), who reportad siinlficant 
ohaogoa i s l i r t r suob aa Taeuolation of hopatooytoa, doatruotion 
of oytoplaaaio aatorial, degonsz>atiT« ohan^oa in ainuooido and 
pyonetio nuelio, Bhatia (1970) astlaataa tha toxioity valuoa 
of ooppor for C^T^^^-^f a£l&SlA> SSUM t§i9l.i1i •^^ 
Funtiiia tiotfi with Tazying pll oonditiona, md alao found that 
tho thsaa apooiaa diffacad in thoir toloranoo to the aotal* 
lthan«axot (1979, 1960) atwliod tha toxioity of aino to 
Pa^titta aoa^ya and oboorrod that f iah aertality aftor oxpoaazo 
to aino ahevod irxogular opovoalas aoToaoata. aaxona f t jiiL* 
(1901) obaawod aa abnoxuOL bohariour in oaao of iSbAffiUUSffiSlilSI 
irtiaa praaaoriaod with alao vhovoaa Pant f i j|L« (1980) found 
that tho toxicity of alao to Pna^iiia aoa^oxa doocoaaod in hard 
vator. Saxana sad Parm^asl (1981) oavrlod oat toxioity atadloa 
Ml sSiie, elisoaliw and ai<dc«X and found tbat nlokal vas X«a«t 
tosio to iSUOBi liUMdUitlt* 
flio advoawo offooto of gftoaa siiya fzos oobalt ^ on 
ffypglimf SiS2i& «•«• otudlod liy SrlTaotwra j | , §^* (1979) t 
i^iX« Saotzsr aod Singbal (1931) fousd Inhibition in tho oaasrao 
AOtlTitias of g i l l , liTor, auaoloo, and Icidnay aftar 
Mil,ff<^OTf,lifffi ISHJOli f^t-* ^> »^ axpoaad to load nitrata. 
3aatxy and Agarval (1^0) atudiad tha affacts of acuta and 
chronic poisonlnn hy load on tha ovary of Ohonna punctatua 
and found a mavkad caduction in the aisa of tha daTalopinf 
folliolaa* tntrafollioular anacaa trava foiind to hora ^wen 
Inoraaaad. ShtaturTddl and Oupta (1930) raooxdad a al«nifloant 
daaa^a in both l irar md kidnay of g,qUm faaoj^ata i*an axpoaad 
to niokal, Shaxna and Sazana (1980) datarminad tha aafa laval 
of load* eadaluffi. and swrcuxy to ?ttntiu|i tict<^ and ooncludad 
that t h a n vaa no aignifioant diffaranca in tha 9i» hour fhm 
•alua and aafa laval . 
Haavy aatal poiaonin« dafinataly affaota tha bahaTiouir of 
fiahaa aad i« a parfaot indaz to datasaina atvaoa. That tha 
hOhaviavxal pattam of a fliii any ha affootad lAaii i t ia 
axpoaad t o ohaaieal toxicanta haa also haaa sapostad by a nuaba 
of losltara inoXuding Klaaxalcopor f^ g^, (1972), Aadaston and 
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f«t«f«oa {t9€9) wmA iKty « | AJL« (1972)* <ldiiM (1940) mm^w 
•oimiloa* A poaitiv* rMMtioa « • • tt«ti««d in tii« aoir«ci«»t of 
tiuh tovards S09p«? sdlutioa tastcad Qt «»t9r« As against 
tliia Tiolwit Jarky aoraaaata of tlM fiah witb fOi>l>liii« 
raapimtas^ aMrrwaaBta eaold i»a alMiarvadl in aaroury aolutlon 
and ainiXar raaotion van aotioaalala in taata with sine* 
Saa^aaon (1974) reoordatt iiyparaoti^ty in l^ho^a^q jlt* ^^ ^^ ^ 
i t «aa axpaaad to aino with oiiaafaa in diurnal and nootwmaX 
aetiTlty* •^ axaoa fti a;^ * (1931) oDs^rrad t}aha7iounil 
aimoraalitios during aioasaay studiaa for ohromiu!i» niokaX, 
and aino on '^IfflMft a^not^tt^a. fhay reoordad iwift awiatnin^, 
reatlasanasa Inoraaaad obatruotlY® respiration rtt«t oonvulaionat 
and jarity aovaaonta in chroai^ra solution. Chnuhan ft al.(1979) 
found aimontsi toahaviour of | | . f^ t^ a I^iffi in oadmit^. Tha riakee 
aaaana reatXaaa and showed violant isovamaata in oad!iiiu<9 aolution* 
£h»nt ama a loaa of a^ailibrium and raepiraticei rata alowad 
denm bafara tha fiahwi diad, 
Stadias on tha patluilagioal aympt^a oauaad liy natal 
iataxiaatian iaeluda thoaa af Jalcar (1969) raoavdad naaraXoiloaX 
diaavd«m a«ab aa jarlcar apaAtaaaoua mawaaMMita aad of OaarXjr and 
OolaittB (1974) who olwarTad paralyaia of tiM raapiratery oaatra 
af flalMa i^ian ax^aaad ta 85 MgA oadTaiua* aataa (1974) 
raaardad aoawlaiona in UAiafllla vhan 9Mp0m9d to 80 AI« 99V 
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l i t «r 9mAmivm* 
TlM 9ff«9t8 9f iMftfy iMital.* Oil til* r«apiratory 9roo«os<»« 
of fi^lMa iiaT« not b99a iBire«%lgftt«d in any details •xeopt tqr 
• f«w «ork«3Mi« OMpp«R««r Ct927) •iip«riii«nt«d vith X—a m 
aiaaows «o4 rsportvd inor^AJ^A rmtpl:t&torf rm%* andi a d«or«Mi«d 
rate of <;ari»ondloxia« produotion* ^'eatfall (1949) reoordad 
tliat high oonofmtratlon of lead was f3ari£9dl,f imprntr^d at low 
dlaaolvod 03i;f9«ii eoiio<mtration vhila «#orkla^ on gold flah* 
Piokoriiiil (1 )d3) tasted the effects of zino on the respiratory 
aotlvltjr of blue |g:lll aotd reoorded a Mgh oonetiEitratlon of 
dlseolred oxygmk la higher concentratlone of sine when expooed 
to l>lue|(llla« vJohauaberg ^ ai,# (1967) investigated the offocts 
of iiDf and laraft^ill efflu«at« on the ooughlng behaviour of 
caiio salmon and found a silgnifleant Inoreaee in the rate of 
oouifhlQf with laoreaae In ooaoeittratlCHi • Ojqrs^ n uptake vae 
raleed la stiokletMioica vhen oxpowi^ to alno rMtuXting la 
laoreaeed •eatlliatl<m rate of the fishee (Brmfield and 
iatheleen 1976 )• Sp^rkm l i ftJL* (1^72) teated the effeete of 
fllae oa the breathiac ^^ ^^ te of hluegiXXa aaA oUaerreA aa 
iaereaae in the ToatlUat&cm rata of tha flali aftar wMf9mar9 
to aiaa* 
liot o a ^ iafaapnation la av«iljiia.a on navaavy taxioity 
at^iaa* Sliarm aad aaxana it9Q0} aatiaatad 96 hoar W^Q aa 
0*10 ag/L, lad a^ta level far aeraary aa 0*07 ag/L. Panlgrahl 
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ma Miam (t9SI) wliil« «Qf3Ua« on Hfiftfumffl (mnt f l j in ir«latloii 
to tli« •ft«ot« of mKpmapf r«9ort«4i tiiat eoB««itx«timi nor* tlMa 
9 mg/li of !Mi*euplo oliiLorido oau««<l Inappotoaeo and ataxia on 
tho fiftt). do^ of thm i^pIiOMtioii of tlio toxtos&ats to t!i» fish* 
iileiiot (1181) otudlod tht of foots of soreurr amd roportod that 
It was aoro toslo tbaa ooppor and sino* Ealabow trout dlod 
of m»rovirf intoxlemtlcm irltliiii 19 ^inutoa at a oonoontratlon 
of 10 ppJB (Huahtcm 1920). Oajrpontor (1927; rooordod a suryli^l 
tlmo of 20 !Sinutos for 0.1N aolution of e^i*o%irio ohlorido* 
loroui^ / waa fo'ond to O9 toxio at a eoiio«itration as low as 
0.Q1 pps. It «rae also fouBd that In tho pr«»»«Re9 of vary high 
ooneoutration of sodluai ohlorido (3700 ppsi}» th@ toxicity of 
fstorourlc onlorldo to ainnawa dooreased litlfiaifloa^tly (Jones 
19lt^ »^ 1*^40), 'MpeuBka^B, (1'M6j ha® aXso done aoaaldraulo work 
on ohronlo toxioity of 3«x>ouiy to tiinnowo. i l l the flahoe 
dlod tflthin a porlod of thirty days whan oxpooed to 0*02 ppm 
of aioro'ury. tn oontraat to this tho «;oId f ish tfaraaaluia ^uapatip 
toloratod 1*0 and 9*0 ppm maroury for oix and ton da^a roapoetlTa 
(iilXia 1937)• iolding (1927) oxpoaod brook trouto to 12*9 ppn 
gHMr«uvar and thia proTi^ fatal to the fiahaa vithin 24 houra* 
Jiaat and l iooUa (1940) atiidiad tha affaota of the addltimi 
of aodittB ehlerida o» tha toxioity of mvvv'JUPf to atiiriclaiNM^a 
aad raportad that toxioity of tap water aolationa of taerottrjr 
««a HUilsiua whan i ta aodiua ehlorida oontant waa about lOCK.) ppm* 
I? 
09pp9T im «!«• lenowi to oxert t03ci« of foots on fiohos. 
O'liini (1971) rooordod 96 hour riin of Coppor as 2*4 aff/L for 
DIuo giXU kSamiA aSiSmuMxm* ^aa^ t t l L * (19dO) oboorroa 
tuat tibbo toxioltjr of ooppor iiMiroaiiodi VIUMI wator haurdaooa 
^ t roiuooi.* Ho roeordod 96 notir IiCg^ Q iraXuoo In oeft wmtor 
(60 skg/l, mm O&QQz) mm :)»i2 '^/h ana 0,75 as^ /I* in hard wator 
-.^frai^l iQTootlotions h-iV© '9o«n aado on ta© toxloity 
of copper to fishoe tn different kind a of wat^r, ^oweradllTj 
and don®0 i113^ -if 1939) report«il that cuprlo ohlorido an<3 
niltrato could b© toxic ta fish In dist l l l»a an?? aoft water at 
a coaotntration raiM l^ng uetweea 3«0t .md 0«Q2 ppii im oopaar. 
It l»5a also aeon raportod that-eancimtratloas of oo oar batwaon 
•)«1 to 0«o ppa could Oe tal®riit@-3 i^y trout» v vailarmaa 1920} t 
parof* (..araa -% .ioblnao» 1910) and yallow ->; wl'ULte pereh 
(aatt^1934)* l^olin^ (1926) alao raoordad a al'sllar r&tng* 
aa t&o maxlaiua lothaX ooaowatraitioa for tha rainbow trout* 
Iik« raporta of i^iaoonaln itata Co'^ talttaa (1959) hma ehown tliat 
5 ppn of eoppar ootild Oa tolaratad for 5 days Oy blaii^basa 
wnlla 10 fpM killad a l l fiaHoa in 24 houra. It waa tharafora 
ooneludad tbat tha fiah baoama raalatant whan i t waa axpoaad 
for a l«Miar pariod to tha aama ooaoantratlon* Carriole f i ftik* 
(1943) astinatad tha ainiaiira lathal eonoantmtlon for lar^a 
b l a ^ iNias aa 160<»200 ppm of ooppar* fhoiaaa (1919) found 
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4iff«r«at tomiAit/ na.u«& of 99pp9r for nuasaioliofs i a ••% 
vat«r ftBd frMh tf»t«r» In awi wat«r t h ^ tol«rat«4 30 ppm 
tor A days* ^ 1 1 « In %h» frmih Mitor a l l fi«h«8 <li«d vlthin 
10 hours» at a ooaoaatration of 4 ppta of oeppor* In oaoo of 
s lao ho obeervod that timm^loboffn voro k i l lod in 2 ^ay» whsn 
oxpoaod to to ppra of sino* luahtcw (t922) however faliod to 
find any olgnif leant affeot at h l ^ o r eono«itrationis of mtno, 
A V9ry low oano«!itxnBittion of alno van required for eoi waa 
a.es up^ \fliloh k i l l ed tii#T: in t2 hours i^Mhinm, 19'51). ::ill0 
\%}yi) report*i triat 100 ppia af r:inc aulpteita t'l imrd Wi,t9r 
had no effeot on th« gold fiali. in -^ 6 hours* .uaeatcm (1949^ 
it83d /arnig oarpa aad fo'uad thttf eTan aa low a oonoontratlon 
ae 1 puni af aiac ciilorlde waa fata l to %no f l a a . i**lim ilMO/ 
oxperiisentod » i th hraok trout and foartd tfiat 1 p^-a of s ine w'aa 
fata l to trout Out prolonged oxposur® resulted, in gradual 
oonditioning of tha fiah to that oonoMttration. lazcna sX 1^* 
(11dl) earried out bloaaaa/a for ohroniiuti an«S niokol to 
dotomiao th« iya valuiHi. the Tim iralues f^tl^mtod by thoe 
woro S6*1« 70«a» 60*33^^45 «<? M/^ of ohrotaiu'a to 9lMHillft i|»a«etat«a 
for 24t 48t 72and96 houre roopoetitroly* ^ueh valuMi for nic^ol 
woro 509•3» 456«0» 456.5 and 306*9 m/'** for 24t 4l3t 7a and 96 
houra rospootlvoly* Moad n i t ra t* vaa toatod to %t«rQpnaaat— 
foaat l ia %% « 4o»« of 6 iMg/L for 60 days ( iaatry and Jinghal 
1961 >• ahaturvodi and Oupta (19tiO) otadiod tho tox ie i ty of 
niekai to ^sUjiyi faaaiata. whilo enariia and 3azoaa (1980) 
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rw9ori9^ %h» saf* Itral of 1mA Mid oadnitaiB mm 5*0 mg/^ <^^ 
^•5 im/i- r9»pe9tlwAj for £aill lm ififilt^ft* 
Cartftz* (19S2) waa tht ptoxk«ar woricvr to aoftoaro AlooolToA 
oxygon ooatont aftor tho dimth of tho fish tS^alma j^yutto In 
oya t^ildo m<3 eoppor •oluttons la aoalod ooatAliiojna. fho Idoa 
liohliid this traa )>oaodl on th« faot tix^xt r«>ducod dlsoolTOd 
oxi'gefi oontAat ean lacr®a.ao tho ouooeptlOlXlty of tho fish to 
a toxioaat {ulQfA 1961, «*ikJLdordlo« 1963, Piekoring I96a). wator 
In (r,j69i .mlls*rd & Uliff, .^ oloay i i r / 6 / , aor<!on & ;>cl«ay{1977), 
and /Igere and ^ynard i1*77i conduct'^i residual oacygoo 
Dioasoo^ «xp«ri^«nts with dlfioremt toxicant6 aueh as sine, 
ph«tiol, dioiajdrobiotio aeid, sore^ ^urio ohlorido, tiloaohod kr^ft 
n i l l •ffluonto and Xlndano, fboy <)etormin9d m thrsaliold 
toxioMit oono«atratio& aaoi^ a wliiioh rwildlual oxygon Gcmoooti*atlon 
aXao iaoTMiaodi* fliooo valuoo whan oMiparod with 96 hoiir LC^Q 
ooaointration woro found to rango froa 0*3 to 1.S of 96 hour 
^ 5 0 '^*^ *^« ^«^*<^ ^ Oliff (1969) found th t^t valuaa woro 
oXONBo to thoao of aodiaii Xatlial oimoaatratloa of sorourle 
elilorido for i j i f^ i^ IftfilllA* MeXoay (1976) ifiiia,o osporlaoattac 
with JuroBllo vmlalwv troat found that tho throahoXd valaaa 
olitalaad for dabydrohlatlo aold» slaot pitaaoX & Xladaaa vara 
0*9 to 1*0 of 96 haur XiC^ 0 eonoantratlaii* Vl^ara & l^aroard 
(1977) aoBduatad ai^arisaata vlth |«r«slXa ralalMw trout vmiMg 
afflnaata f««« y l lot ylantt kraft and puXy mllXa bat ao 
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•ignlfiwuit diff•F«tto«e o^iild b« not«d b«tir««i r««idiuil oicfgmn 
aoKtoiNitratloa and ooiiTtiitioaal stat lo MoasaAya* fariona 
faators raapoaslbXe for th« aoourata raapoaaa in rasiduai 
oxycan taata far various toxiaaata wrm idaatifiad bf ailae ^nd. 
:a.aprat (1979)* Thasa wmr9 taaparaturat l>ottla oapaaity* 
flah siaa» loading dwaaity and saaatle atralAs of flaiias. It 
i s probably dua to thaaa factors th^t aansitiyfl^aas of Haat^  
^ataXa (laaa sanaitivej m6i ori^mio oontarainantc} has baen 
oboanrad by Tarious vorlcara* 
2h9 itistoimthologioal aapaots of flsti poiaoning vara 
studiad by Jaatr/ in 1960, -^ h^o exposed Ja«m& MBIffiMlia *o 
to '5 ag/.lt 'sareory for 30 day© art'! then studloi iiistopataoio^cal 
abarratiosia la vuriox*® tlasuaa. lapartant ohaagaa vi©ro ooa@rvad 
inoludad aaoroaia and fibi*oai8 in l ivar and jcidnayt and rupture 
of oaoondary g i l l lasaXlae with naoroaia of ^ i l l apith©llai», 
(hxptok ai»t Hajbanahi (1979} obaarrad pathologioaX al)aa«aa dua 
to ooppar latojtioation in jftfrtPfttHiteft X2iftUJJl* ^^ ^o«n^ 
that tba g i l l filamaata vara aovarad by mueuat fuaioa of g i l l 
apitb«liu3i, hai^orrHi^a in tha filanaata and dianqp»ti<Mi af 
oalXtalar and tieaua a<Mipanant8« ii^aaaian and naaraaia of 
rmmX tufemXaa af kidaaar «*• raocn^ad at aub«4atluil ai^oaara of 
17 mg/h ooppar to tiia fiMh* Cbatiirvadlaniiiapta (1930) fouad 
da««ca of ooatiac of tha pariglobular ealla* aiood aiottaaa 
in the l ivar vara rupturod* ihiX» tha gloaaruli of kidney got 
1 r> 0 
toIXiclM nod 9m iiior«««« in Intrafoiatoular 0pao« of 
9iiMBftffif oimota l^^ i^  WAB oba«tT«d vh«n I t ^is •xpos«a to 15*2 aa^A 
for 96 hours. (Jaatry and Agarwal l^jaO}. 'v«a<)all (1975) 
atudlod tii« • f f»«ts of aatla^l isoreury on tao kldlaoy of 
^Qt^ttraa pttnotatiiB and roportod tlimt 12 pp^ of !3»ti:^l tneroury 
QouliS oausro sovc^re altoratiotus In glomerular and tulmlar 
regional gla-^aerull oe«ani« swoIl«t Atii -1 ooquamatioa of tubular 
6pth«ilal c e l l s waa quit® notlceaal®. *urfeon sk ^* (1-*72/t 
vikidnor® i1370) and ^oya (n60^ report®?! that the oytologloal 
-laaag© o£ g i i i e njay Oe the cause of the death of f iah in heairy 
^uetAl ";>Qt&onlngm i*roch ;j^ |y^, (197B) rsoorded highest reeiduea 
of seroury in hepatop«Borease and neorotio l es ions in the 
fidpatio t i s sue of Jyariaue qartfi^f. labat gjj. itL* (1^74) found 
that exposure of oopper to oarp induced siuoous o s U 
deplet ion, itrik Jdi liL* (1^76) investigated the off sots 
of ehntaium on i i i l lSt in tes t ine smd kidnsgr. i?hs g i l l 
s p i t h s l l a l o ^ l s slioirsd hrpsrtrophy and hypsrplasiat l / s i s 
oottld i»s olMMirrsd in Intest inal sp i tbs l iuo and nsoroais was 
obssrvahls in kidasgr tuiralss* 
ttk9 iaorsasinc Isdi is tr ia l i sat lon and the diaoharge 
of s f f luents frois susii sstal»llshai«ats posss a rsa l danger 
to aqiiatio l l f s spso ia l iy ths iotl^ofauaa* And so i t i s 
Hoped that t i ls sspsrlMAts ssaduotsd tgr %hm prsssnt v r i t s r 
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in tlM light of »)>ov« rovi«ir vo\tXA go for in protootiaff 
fioh t%vam froa s3ort«litjr» pwriwMngt and iooroasod produetioa. 
^\m f lot tHat flsiios oonstitttto ono of tho boat ooureoo of 
pirotoino for immxi boiOMSO neooosiatoo thit diapooal of 
Induatrial wast^i ohoaldi Oo ohookod AM offootitro .uMiauroa 
i»o 9TaXvod to dotorislno tiao ^omlasl^Xo limits of difforont 
toxloaato that ara found in thoso vaato®* 
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Mrlnf t&« pr««a»t studiso tilt fiHi8liir«t«r f i9)i« 
Slsamiik pua^ t^ftu? BXoeh. b«langiiic to th« family Cliaiiniaa* 
1^ 3 oaedl a3 ths t«ot aai^al* Xte availabillt^r tbroui^out 
th« y«ar« oo®ifopolltaii ^Sietributloa and eoc^omio Importaao* 
v«r« ti3h9 qualitids for Itsa i?«l9etic>n by tha praswit aut^r* 
^r»a<tult atagoa ranging fran 6-6 eantiaetera In l«»i^th aad 
6-9 grama Iti wei^ flit war© ,prooiur»d frora imtor bodias In aa^ 
aroand .-tligajcii. ^xStBi- t'rxoir traataaat wlt« 0.1 ^ potaaaluns 
par^aan^ato solutian to avoid darioal iafaotion* th@ fishaa 
wortt tranafarrad to fXa^a aquaria ooataining l»orahoXa chlorine 
fr«« wat«r, Aa aa^aatad »y Doudoreff aX SX» (^^51) th9 fiah«e 
w«ra aeolimatiead to laboratairy oonditiwia and ware f«d (m 
taiaoad igaat livar on altamate day». vimtrnv was analyaad to 
aatiaata th« diaaolva oxygoa otmtant* pH liardaaas aad tasparat 
flia himry sataXs toatad daring tlit praaant inraati^atiaiia 
far tiiair toxiaity ta i^MUBki aunetataa wmrm mmpmuri9 aiO^erida 
(HgCij)* 90p9me aalpbata COuiiO^ f 5^0) and siaa auXphata 
(Zaao^» 7^20)* i t o ^ soltttimia of tba tliraa aatal.0 vara 
praparad ia «l«tllXad watar and daairod aoao«iitrati<»ia wr* 
aada f ^ n tliaa* At tlit t iaa of tlialr applioation tbaaa 
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atatio I>ioa8a«3r0 odnprlfltd ot 249 43» 72 and96 hoard 
ospoowro of tho fish to stotal oftlto* I<C^ Q T«1U«« woro 
4ot«rs3iiiiod azid tlio toota woro porfox^od at afsbiont room 
toaporaturo tisat rangod botvoon 28-50®C, pii 7«5-3.5t 
dlooolvod ojqrgon 7»0-9.0 rag/L md liardnoaa 290-5tO i!ig/ju. 
Iiitors99dlate torm biosasa^a irora ocmiluetaa for 40 Askfm 
la gradod oonoontratloas to dotanaino taa aublathaX doaes of 
naromvjt ooppar and eluo with Chai^ i^  oimctatua« xi^ perlsKiotaX 
flabaa ware fad twtoa a #^«ek. hort tars2 and lataraadl to 
tarsi taata M«J-« carried out In plastic oontalnara 0* 20 l i t a r 
i^paeltj . The flahaa vara than aubjaotaJ ta taat aolutloaa 
of gradad oonoantratlona* HaaXtbjT apeolmana of uniform laa^rtb 
and walght irara uaad la aaob taat and the flahaa vr9 starrad 
for 24 houre r>rior to axparlaaatatloa. uf oouraa this was 
doaa vhen aouta toxicity taats v v mada* 
Flah mortality vaa uoad m» tha raapoaoa of tha flah to 
tho taat ohacsloal* l^lahaa irara ooaaidarad daad vhaa thar 
dl i not rmipooA to aay of tha astamal atlauXi aueh aa tauaii 
2} ihm data iim« oottvartatf to atatiat leal laiigiia«a with tha 
hitUp of a hi |^ ofaad oompmtar la S^^Q •aloaa for 24* 4a» 72 and 
9 i iMisra* JIalatlva toxieitiaa and praauiaabXa hamXaaa 
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«oii««itimtieii vmlttvs ««r« rnlmo d«t«raiii«d* 
4out« toxioity t««tls$ of thft thsfm s#t«X«i WMI also 
dono using rooldual oxsrgon sotliod* 
XMa iiotbod ooiuiiatod of tost solution iaavlai: gridod 
oanewstrati^ma of toxieaats iJi ssalod glasa Jars of 50D oo 
oapaoity* ^ l y ons fish vas kspt in a Jar snd th« oxygon 
eontoat in ths tost solutiaa W&B 'zeoB'arnd after tho diimth of 
tho f i sh . Ihe oxygon Taluos so obtained* whon plot tod a^ d^Lnat 
tho logaritJi^ of toxicant otmoentration oxMbitod an in f loot ion 
point which ropro^ont^d %hm throsaold toxicity Talus that was 
SYaluatod againat ^^^^Q "^aluoe of tli® ccaiTeational bioasaay 
studios-. Ihe oaleulatian of resulta was dono aftsr ths 
niaaasr of chsrsr (1979 )• 
fisaal obaorrations war© mds to rseord Oafiwlouj-al 
ohangss oausod by ths sxposurs of the fish to asroury* copper 
and Kino* OOs^nrations wars mads on ths switgraini; aetiTity« 
fin aOTsa«itat ^Tii^waits of opex*eulim and ths balsj&oiag abi l i ty 
of ths fish at throe o<mo«nt rat ions of iNieh toxicant* 
Hsspiratory b^mvieur lias also studied taking into ooasidsratio 
ths opsroular boats* 
Hiatopatlioloi^oal studios vers earriod out after 
oxposiAf tlM fiahoa to «oroury» ooppor aad siae* fhe fiohao 
vere oi^aed to eoaesBtratioaa oauaSjm 50*0i mortality in 
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16 hours uad 20 4a^8* Afttr tr«ata«tit« thm fl»liMi w«r« 
•aorlfieoA sad hiatopathologioal otoavrvatlotis v»r« laa^t 
on «ill0» Xtr%r and kidney by flxiag th«m ia aX^^l^ie boiii*! 
fl^ itid tor a to 10 lio«x«« 
and v«r» «sto«d«d 1» p^aruffln wax* C'«etioti0 o£ 6 t;o 3 / ( 
thl0kn««8 ^/sre out aad at®ln«d with liayor'a fia«imtoxyXoii« 
and doolno (aa.T^n«r * I«floh 1975)* 
II 
BlHAVlOaB Of OlAllgl^  FgyOfATO^  0JfDlR WfM. 3TRS33 
fluit h««vy B«t«I« aff«ot b«h«vioux«X patt«ma in fishes 
vma pointed dut bj Jonas (I955f 1938 and 1943)i Dary and 
a««r»koper (1972) and Banetsson (1974). :)ak«r (1969) and 
Sletdaexa and ToTaXI (1972) found that aueh aotale nay intarfara 
with tha phyaiologioal pxoeaaaes of tha flsbaa •^mi at aublathai 
doaaa. Thia opanad a saw fiald of raeaareh and dturin^ s -tiia 
prawint inTaatifiatlona ooribund ayat^ tona in fi«^aa axnoaed 
to oasouxy, 0OTir>er and ssino ware recorded with a view to 
Xooata tbe orgatie %iblcb aslght be nffeeted by exooaure to K 
aetal. 
ObaarvAtiona vase afada on tw«nty four fithea kept in 
flaaa aquariA. the fiabea vaxe preaauriaad with eonoentsationa 
of •avottcy, ooppar and aina and tha raaitanaa of the f iah with 
caapaat to hyparaaaaitiTity, orientation for aviaain«, aoiraBanta 
of fia« opai««lar •OTaaaatat Xoaa of baXaaoa and roaotions to 
oxtoasal •fignO.i was obaerved fbr a period of air hoara* 
la aaotliar oorloa of taota the flahaa ware aspoaod t o 
iiffoMOit oonooatsatiims of the tosleaat (aabXethal ioeoa) 
far 20 dayo. t\m ooaooaftratioaa tasted vera X.O aad 5*0, 
9*0 mA 10*0 aad 600 aad 700 ppa of aaceary, ooppor aad si»o 
w O 
Fxlor to 4««%h th« flsh«« •xhiliit«d olialty aoT«M«iita 
vhleh B3C9 oft«ii s»f«vx«d to M oonTttlolono, It vito ooid to 
bo HOMlyood ulioii it oottiod at tho iMttea of tho oqusvla oa 
Its iMlly n d oil tlio fiao boeaao oztosded and Botioalooo. 
STOB tho oxtomal atlBiauo as prodding did not bring any 
BOToaoat in tho fish. Haomorrhago was indicated by blooding 
froB snout aad subotttaaoouo blood olots as patohoo on tho 
body of fish, 
Hospiratory distress vas a prominent feature of death 
of fish vhieh exhibited many behavioural changes such as 
exodus Jumps, vhizling and swimming in upward belly position* 
Swollen belly of fish indicated oedema and ascites. Jones 
(1948) obserred that gyjfosteus mum:itius avoided solutions 
of Boxeaxy, siao and ooppor at 0.003-0.001 H, 0.0003 N aad 
0.1 fi oonooatrations rospootiToly. Dawy sX lIL* (3.972) found 
that tho locoBOtazy bohariour of tho gold fish Carassius auratm 
was atrerooly offeotod whoa it was exposed to DOT for iibout 
4 dajs. BoagtssoB (1974) fouad hyporaetiTity and ohaagoo la 
^ M AlWBBal and aootaxaal aetinty of fhoxlaas n.. whoa it 
was 0^0sod to siao while Kania aad Hoxa (1974) roeordod that 
•os^aito fish failed to awoid prodatioa by largoaouth bass 
iriioa It was oxpoaod to aoxeusy. Paat §X lli* (1980) noted 
MBidoB BowoBoata, loss of orioatatioa aad swlBBlag along 
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l a t t n a MrfAM vitli l l t - l lo •etlvltjr in gimtlnff ^notioaitta 
mtfv •xp09ttx« to eopp9T, Sftx«nft ^ jy^ « (3.^0.) h«ir* v»eofi«A 
v&pid svlsmini with J«i^« and •zo4ti« tr ia l s by fl«li«« to 
••«i9« tbo toxioiuit ooltttloB vith orxatio onoseulav aoTSBOxtto. 
PathoXogieal ajroftoEio ot tho t lao of daath havo alao 
ba«B oboar^od b^ aoaw norlcora* Caroantar (1925* 1926 and 
1927) raportad tteat raaplratoiry diet rasa waa tba oauaa of 
daath of ^tff^fg^flfli fMHOrfff^ lgag »*»•» 1* «aa axpoaad to haavy 
aatala. fillls (1957), w»atf»ll (1945) and Jonaa (1947, 194S) 
hara alao raoorded raaplratory dlstraas In flahaa after raatal 
•xi>oaura and oonalderad thla to be tha tsrosslnant feature of 
h9Kry aataL rK»iaoning. 
Uakar (1969), while iiorking on Paattdoolattroneotaff 
aaarioanaa. raeordad nattrologlcal dlaordara inoluding jerky 
epoataaaoua novaa«nta Ilka tha onaa aean in ihm oaae of 
wila«n*8 diaaaaa. Caarlay and Colaoan (1974) obsenrad 
DaraUraia of raaplratory centra In H{^ ?^?^ y|f?mi iir»^ rff<?Qjt^ g 
vlMtt It vaa aiEpoaad to 35 Mg/If oadnl«»« Baton (1974) found 
tlimt Uita f l l l a ax^oaad to 90 MC eadaiua i»ar l i t e r showed 
aoBTVlaiona* l^ iXl in brain glyoocao and aatabliahad 
aaitretaitie affaeta of iiasattry vara <M>asiderad to ba tha sain 
oanaa of ataxia (CdiaBf 1977). Sangtaeon (1974) noted 
haaaanehafio laalana in yhoxlaaa j|f» on axpoaara to slno* 
0iaiiailhao §% ^ , (1981) also obaarvad haaaorrhaca near anoiit 
#f t i a flahaa dna to aatal 9olaeala« in a aaaalva fiah k i l l la 
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fi«ftOtloa of ^bilBi wmotrntaa to ••seary, oopiMr and «lae 
The 9p«ei«s ii^evod wi oT«ralX d^riatod bahwrioural 
Pftttam iA«a asTOMKl to mmiBoary* Obaoxratlono aiado aftor 
10 aintttoo of tlio oxnoauro of the ftah to tho toxicant tttomi. 
oonaidorabXo laocoaao in tho bobavlour of tftie ftah lrz«apootlTO 
of tho ooncoatratlon tostod* flolont ceaotlona and oxodua 
tr iala woso aXao ahoim hy th® f ish. ¥«rtioal moTenonta ahowi 
by tlio troatod fiahoa voso directed tovarda water surface and 
were iBOre in ntamber than were exhibited by the controlled 
fiahoa in ainilmr sianner* 
Time and pattern of orientation of fish for gwitaaing 
waa erratic. Haisid awiraming involved increased activity of 
ffiusouXar iBOToeenta of t a i l , and moTeoents of caudal and 
pectoral f ins . Other reaotiona to external atiauli suoh aa 
touohlBg by a glaaa rod oauaed irritational Jerks, 'however, 
there vaa no responae to noiae (Table I ) . After 6 hours of 
exi»09miw in 25 |»INII ateroury the fiehea ahowod aore exodua 
Jiuipa bat theaa aotlTltiea were ooneiderably deoxaaaad at 
50 pSMi and only oooaaional dive a aid Irsaittlar ooTonenta 
ooounrad fxo« t laa to t iae . 
Laaa ntMber of •a i t l ea l aoireaaata vase raooxded at tho 
hifbaat ooaooBtxatioa (50 ppa) beoauaa the fiahoa vara uaabla 
to aaira. fhay appoacad axhauatod. At 25 and 50 ppa tho 
M l 
(^me#fitrft%len ipm) 
( lBi ] l« t««) 
2 . 9«lHiiABi 
xo 
360 
10 
360 
3* Osl«it«^ XQ 
360 
4 , B ^ U l ^ IQ 
360 
5« I^U 10 
360 
6* iDOd 10 
360 
7* B*Mi!i« xo 
••eh •in-> 
•iliil, 
••ties 
( l a aili»tt«9> 
3« 1 ^ • • • • -
mmt 
w^ W^l^^^^^** 
*. « 
1 0 . B«i^^ 
360 
10 
560 
10 
360 
10 
360 
5.0 
wX%h $mw»tm 
39««4y t*>ti««l 
i l t k 
mUmviXvm 
lBls«Btloaal and 
If}t«atlOfi«l 
iO l09» of 
• ^ u l l i ^ d w i 
«9 ! • • • of 
• ^ i l i U c i i a 
of tfti l* e«iidal 
aiiji ^ c t o y a l f in 
f ftll ami eamUU. 
•»%!•• vltli ao 
• • t l Y l t y la 
^ o t « n l lAd 
^ I v l e f ins 
m.i. not f««d 
2.5 
4.0 
No 8K>veaent 
Cana^ di juries 
ni»iwmmnt a f 
fliAi a9i>eal%« to 
t^a 80 area 
Ho ras^onsa 
Slight aovaiwiit 
?5.0 50.0 
0«lt)B0l 
mmmmmt 
violaat xaaotlaa n^fp^wmstl'vi^ ami ^^fpmnmHwm 
JajEky aaaaaaat^ 9a«raaa«A • • t l a l t j 5a Iqry^^ 
with ai^daa « i ^ o e a a ^ o a a l astivltar 
t r i a l a aivaa* a lmnlya 
«»A ^ a v a iva t la 
!i«l^iasaxd 
•vlanltig 
far t laa l 
•aata la«a mk%h 
aara al^pai>a 
Intantl^nal 
iRtantiosRl Iwit 
rot at flicaa 
lnt«»3eriil of iimt 
. o lo«s of 
aqfalllbrlaa 
Oeoaaalaaal 
dlslmlaisea 
/ore active t a l l 
and caudial f in 
^aetojral aad 
oalTle f in 
aot^saant %etlae 
l i d rot faad 
Dia fiat faad 
o sovaaent 
Caused t>aiilc^y 
Boveaent 
/ lolai i t saaotloft 
with Jazko 
o resDonaa 
• a a a — a f l ^ ^ « <«i V^a«la«il 
naater of alrgttlpa 
at tka awrtM* af 
«at«r 
aHiii 
Xataatiaaal 
Sttddati v l th a|>aa^ 
sNT^atat. 
O lG9« Of 
a<|iilllbrlaa 
g^alliavlaa loa t 
Tail and eavidal 
fin aovaawitaaosa 
aotiva with 
arratle ^aetosal 
flB 
Facta jna f l a ••«<•-
• • a t aatlva vill i 
aa iMtlTitjr la 
palTlo Mid MOitol 
f in 
!ild not taka faad 
Did aat faad 
1.0 
iBtaatlimal 
but aeeaaai« 
and Aow 
'io laaa mf 
aqioll l teiaa 
IH|ttllltlV^aM 
Aetlaa 
oants af t a l l 
«id aattd^ 
f ta 
Oa]^ 
f i a 
• l e v 
t a U 
MA aa t %mm 
fM« 
xiaatalf 5 ^ 
a 
2.0 
6.0 
%o ^aaga 
iv'o ehaoga 
Vlolant xaaetlOB 
f la laa t iraaafi&M 
311sht ^ ohanfa 
In iMjnttlan 
3.0 
Ma 
31i |^f 
to 
i a 
to lent raaction *.o raapoaao Taslt laa !#ilftad 
ovsatatnsv^Bacaaea saiaaussEsss a ess j t»3s=-= - i= •=»=- - = ~ - ^ •"•==»"=» s s - ^ ^ ^ " ^ - ^ ' ^ ' ^ ^ 
27 
fillips b«6aa« mtlMr •Ita^giah and atiov^d trngvUmx mor9m»nt9 
of th« domain mal and paotoxal f ins. KeaponMi to •stomal 
stlsmll abovad Tiolaat saaotlona and tho flahaa moirad in 
opt)oaita dlcaotlon of ttia aouroa of touch, no algnifleant 
saapenaa waa xaeovdod in fi^iaa to nolae (labia I ) . 
Patholoi^loal ays^potoaa raoordai at lovar awroury 
ooneantzTatlon expoaura (5 "^pm for 96 houra) tnvolvad raaplratory 
distraaa and losa of aqulllbrlufii. 
Jub-acut« axpoattra to 1,0 prm of roarcury for 20 days 
oauaad neurological dlBOrdara Inolu^llng naralyalst and 
ttnooordiaatei ffloveioenta of flna and otJerculUfa and referred 
aa aynptoms of ataxia. 3yt!rptO]&a of oadema and losa of 
•quilibrlum oould alao ba obaarvad* 
the raaponaa of h^af^ oa wanctfiti|p to eopuar waa qulta 
lireaoianead and tha fiahaa within 10 minutea of thair axpoaura 
to oopDar baoaaa hyparaotiira with nuaaroua Jarka nfid jumpa* 
laoxaaaa in tba ntnbar of Tartieal novaaanta^rata of swinsdjig 
and tha numbar of airgulpa waa alao raeosdad* 
Horiaontal nowaaanta auob aa thoM of nomal fiahaa 
wara not aaan in tha tsaatad onas. Inataad raoid aoTa»aata 
of t a i l and oatxdal fina <Myald alao ba obaarrad and tliia 
lotdioatad hypacaotiwa eoailtion of tha flah. Ho aignlfioaat 
raapaaaa ooalA ba iiatiea* iliaA tha f i ^ a a wasa Alatuxbad 
pikfaiaalljr aaA n^tm mm astatad In tha Jav. 
Osl«Atfttloii for •wiaaliic mw Intoiitioiial siid ftp9V0Xlaft%«Xy 
ft% flx«d ^ t short latorvml* of t lao. Bofavrleural r«oi>OBOO of 
fish aftor 6 houro of OJCOOOIUEO imti noro proiio«iao«4. Hostlossnoss 
inesoaooa with Jocko «&4 troaoro woxo fro<|tt«iit «t 50 and XOO p^gm, 
Aftonrorda tho f l ^ o o booaoo olti^gloh. avlmalDH ooTOSoats woro 
ziaiiAott with ineroaoodi vertloal OMToaonts aad oarfaolnfi by the 
fioh« ^hon oxDOaod to 100 p^ of ooppor, th« flohoo ovaa 
latorally with mialntua alrgulps though at 150 p|Mi thoy 
dloplayod whlrlini aoTOaonta (fable i n * aovlatod f in aoronanta, 
daoraaaod food Intaka, daoroaaod resting pariod between avinining 
ffiOTenanta, negligibla response to touch and noiae, l i t t l e 
of 
aye mQr^mentn, end loss/ec|ullibriuawere tha prosinant aymptoma 
(Table IX). 
PatholoiiicaL aymptoaa during axpoauxe to biijh concentra-
tiona of copper resulted in looa of equillbriuii folloirad by 
haoBorrhaga at the oparoular ration and anout. Fair oaaao of 
ataxia vxm alao reoordad. Loni^ er expoauroa to low 
oonoontratioiia of ooppar oauaad naurologloal dloordara laeludln« 
paxalysia, oooTUlaloiiOt aod ataxia. la aoao oaaoe raapiratoxy 
dlatroao waa alao • ia ibla . 
The saaetloaa ohovn by Ohyrna ofunotataa ulian axpoaod to 
alao aro givon In table IXI. &iBo axj^aurt for 10 Blautaa 
saAa a l l fiahaa hyparaaaaltiTa aad reatlaaa* Xnoreaaod Jazks 
with alxgalpa and axodiM trlala oonld alao bo zaoordad. 
fsaUl* tl t I f t«et« of o«!^ iM»ir 08 tlM to^Mvleu of iawania JUSlf i l l t* 
•«MMB<a«t-ai a ssosattsasi SCSI-jTaiw s^ss IS S9i»«i3e«3» SHSC: 3S9SSS : 
• < W I 1 i 
aotiirlty 
M t i v i t j 
10 
10 
360 
3« OxlAittatlcm 10 
560 
4 . l^iallibriiui 10 
360 
U Hm 
ktd 
«• y^t^ i^Ukm 
10 
360 
10 
360 
8« iy» «a>v«««9t 
9* VOWHI 
10 
360 
10 
)60 
10 
":||0» . ff Ai«* 
360 
10 
360 
Oono«ntxa«ion (i»pai} 
50 
lQ«PMM04 ftlZte 
l t t t«Bt4MUa 
100 
vi thot i t Jii«9« 
^ o « J«xlEa 
•tsrtioaJ. 
aom Willis 3 
f9v v«rtie<il 
sv laolai alooa 
l f t t « m L 8 i d « 
aedi niz^ulpa 
r«z3r fr«q|tHint 
Iit%«atioiial 
150 
ICMMd 
gol9« m i 
ii^z%lecl 
F«« • ix tv lva •ad 
v«ii i ie«l and 
n^irliiM? Bovaaaiita 
la t^t&osal bat 
not at fixad t iaa 
l^aimfcls 
Ooatzol 
Vartiaal 
almr 
aesiMNital. 
Xataatioaal 
l a t a i ^ l a s a l tet 
B«t a t f i iwA 
l a t a c v a l a o f 
t lJM 
SalaaooA 
aNmnwoava 
S l l ^ t l O M Of 
1wila»eo irtitla 
mAwaAmti 
f a t l aaA oaia^tel 
f I n • o f O M s t 
a o t t r o 
90 lT io f i n 
a o ^ v a 
Did not talea 
a»jr food 
?iaeaa o f lirer 
t9kmi imt 
T o a i t t a l oat 
2 ,0 
6 . 0 
tin oliaqga 
Mo t^mg9 
uo iroofioaao 
f l o l a n t r a o -
9oaao 
Ho raaponse 
Raaponaa 
paaicky 
3 M t e » wi th no 
f i xod t l a a 
i a t a r v a l 
'Salaooad 
aoTooantfl 
S l i g h t l y d i a -
bali^eadl 
f a i l aii4 cmkd^ 
f l B aoir»@aat 
SCtiTO 
' j«f t pact o ra l 
«nd nalT lc fist 
l eaa t aotlTO 
with f a s t t a l i 
aoinasMiiit 
D14 not take 
«r»y food 
- o food intaka 
I . u 
4«i» 
r^ o Ohaii^a 
>*o ehaiiga 
v io lant 
saaooiiaa 
S l ight j a t k s 
f a s t aoTeffient 
Panicky with 
exodus jurapa 
Si^l^an td th Jaxka 
^alaniMd aorawRita 
Coaalata loaa o f 
balaaea 
Oasuial f t a aora* 
aant eoj« ae t i^a 
and Jari'-a i c t a i l 
Only poetora l f i e 
aoraaant ae t iva 
with j a i t a 
:)id sot take any 
food 
0 food i & t i ^ a 
U5 
7.0 
m ehiHi#i 
MO i^aaia 
? io lan t x^th-
90»aa 
?io raaponaa 
Ao raaponaa 
;^ o raaponaa 
appxaxiaataly 
a t f isadi t i a a 
i a t a w a l o f 
l«-2 aif iot aa 
Balanoad 
arpawmta 
Balaa«a4 
BoawaHita 
f a i l aa&i «a«f t i l 
f l B aaaaaaiit 
aeldlva 
Slow pao te ra l * 
pa lT ie i » 4 
oMi te l f l a 
aovasast 
Did not tafca a i ^ 
food 
food i a W k a 
obaarvad 
2.0 
3 .0 
l o ^ a a g o 
Xo «ii«sifa 
l o r w a «»apatti#-
Hoznal saa^eaa* 
Ho raaponaa 
No zaapeaaa 
if'iff 181*3'ML 8T 'WTT^""^"^"^'^^'^^^^''^^^^'^^^'^^•^^^'^•^^^•^^'^^ m 
t i i i » l U t mtWtm% of mkm #ti tH* ^^ui^rioitx of eii»»iiii ma^t^t^m. 
*itmmmnBM»i*M^^timtm^mmmgMmim'*!a^e»m'fsmsssm»mm-nmmm •«.9-.'»«sxms« s » x-n ii.Jssm'mm»mBmm»ix»sti!sisarmim3»9!m'na 
^«ft««atira«loa C^^a) 
(atWBiil*! ) Ooatxttl 5m 
r w i W w w i i i 
I* 
2 . 
?• 
$• 9%M 
8. s/m 
wmntm 
XQ. u^m 
2.0 
10 
5<0 
4* ftfttiXiksiaa 10 
5iO 
10 
566 
«• ftoM tatalGt 10 
360 
wmmmmmmm 
10 
360 
la 
360 
10 
360 
10 
360 
wmm»*t'»etmammei 
f « X t l M l 
g H l t S 
l a t ^ t i f t i i f t l 
Xnt^ i t io fDi l 
•<|ttil&^Xitt» 
H« l 0 « a 9 f 
•9«li i teri«« 
7«i.l maA mxOmX 
'SlMf aS^^HIIWft%S 
« « i i a l f l A 
•^9 f9«4l i J t tsk* 
^•99*4 oa# or 
%i»9 wmsCLX ^i#e«s 
9f «8«t liv^ir 
f 193^11% X9ftetl98 
VU^«i% X99^a.9» 
V l t h 9X941M 
i«M»9 
?••% a9VMMIlt« 
Vi9l9ll% S9«9t i9f i 
V l t h )9«iES 
imo 
a 7 f 9 r 9 9 t i i r i t y v l t i i 
9X94tt9 t r i m l s 
^9C9 J9i^e9 mi 
m&€ « i « i i i i l 9 9 
ilMIX^999M 
a9llt9 « i t ! l f 9« 
9 iV i«l|»fl 
not at flxovl 
l s t9rra l of time 
- © lone ©f « t a i i i -
0rLms 
d l i l^ t l o s s of 
f s i l and earo4al-.-.vr-. 
1900 
l iyi»9SB9ttYltr V i « l l ^ 9 S a 9 M 9 9 
n9 l ^ a t ^ t f l i ^ 9 
8 « » ? « » 4 9 i i r o v t l -
9 » l l y 
!«999 1P9St l^i l 
MM'%9 W l ^ •9X9 
f9» t l«« i 
Mnt9 ••: 
l9e9Cl99«%i& 
-fa»t t a l i »9v«i^at?? 
v i th orrat io 09»dleil 
f l a movemfRtm 
iO foo^ iJit^Jrc 
«© f©o.l intsifeie 
#99 TOVliOal 
9 9 n t 9 ttsa iMi^voxA 
9999999^9 With 
ftil8fll99 
£af99tt999l 
9at49i» V l t h 
lK>99a99li9 
o 1O80 o f e ^ i l l -
'9rlu9 
0 0 » | ^ 9 t 9 l99'^ 9 f 
9^1I193^1UI V i t h 
l i t t l 9 9999999% 
f 9 l l 99ir999tit 99^i -i 
9 l « b i%9 9tX99C 
m i 9 9 9 l 9 r •9V990nt9» 
POlTlO f i n 9 l 9 0 
aetivo 
V«X3r 9lOV 9099999119 
in «wiA9l f in mxA 
no a99t99&t %n 
^ o t o n l ftud 992.Tle 
4. A- ' 1 
r o ?90i iBtalto 
a foot! inta)E9 
I 9 t 9 9 » l 9 9 9 l 
9 9 9 9 9 l ^ 9 « a l 
9 l 9 9 
Ho 1999 9 f 
9 9 t t i l l ^ V l 9 9 
hQ 1 9 9 9 9 f 
91|«1111l^l»l 
t 9 l l • » « 
f i n 
9 9 t i 9 9 
fHoV • 9 9 9 9 9 9 t 9 
i n p 9 9 « 9 » 9 l 
9 9 l 9 i 9 9ad 
0 9 a i 9 l f i s 
l^o f o o d I»t9ir9 
3 t 9 6 99911 |>l9<Mi9 « i S 9 
i l t g 9 9 t 9 € 
: o ehmum* 
£^99 ^rV«X94 Vi th 
9II999 
?iel9iit coftotlon 
f l 9 l 9 I l t X990t ion 
vitfa J9rlc8 
f a s t 90ir999at9 
VlOiOnt C999tl013 
9ith |u99e 
1.0 
5.0 
a99«x9d vlth mtte99 
Vi9l9at S999ti9& 
Bo r9flpOB99 9S991lt n 9 S « 9 l 
9 alifht eh98i9 ia 
position 
2.0 
3.0 
X9 9}l9aC9 
119 « b « i e 9 
# a 9 t l l99999Bt9 
3109 
fiat) 
9 9 9 9 9 9 a t 9 9 f 
l«9 
M9 
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E«atiag 9«rlodi, tli« p«zlod b«tif*«ii two oxi«ntatlen« fox 
•wiaoiac wm» ^ e c t la fiiiias •xpossA to Xovor ooaoontcatioao 
of tho ootal* Mo 9i«nifioaBt soopoaoo of ojo to tiao oxpooaso 
ooald b« vooovdod aad tbo fiolios did aot •xhlttit aay Xooo of 
oqaillbriun iitioa oxposod to tho toxloimt for 10 olautoo* 
etvtoo oyaptoao woxo rmxy eloar aftor an tzpoauro of 
6 hottra* Kaotloaanoaa vas at Ita paak with juapa aad jerka* 
Vhon ex^oad to 1500 ppa of sine, l^e flahoa baoaat 8la««iah 
aad oottid ba aaon haiNslai titom tha surfaoa in an upaida down 
• •r t ioa l position. 
*irgult>a and vartioal aovomenta increased in 500 and 
1000 onis sslnc cono^mtration. ?«ct03?aL and pelvic fina ware 
of 
ahottiniS laaa aovooants rtoultiag in slow rata/sviaiming, ^his 
vas follovad by aotimi aoToaanta of tha ta i l and caudal fin 
and tba flahaa ovan rapidly. 
Fina of fiahaa ahowad aLov ooToaanta and xamainad in 
str^totiad condition. Oriontatioa reoordad ihaxa tina iatarral 
•ariod froQ 1 to 5 aiautaa i^araas in oontsola i t rangad 
batvaac 3 to 4 aiautaa. Othar pasaaatara aaoli aa touohing 
vltb a gXaaa rod* 9jm «0YaMNits» aad raatiag pariod ooald not 
ahov a •l«&lfloaat salatloartiip batvaan tlia dac«oa of at?^** 
aad thaaa raapoaaaa. 
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ItetplsAtozy diatr«99 mui ftt i t s higheot vh«n th« flahca 
« • ! • exposed t o s lno . Only a f«w of thon i^owed l o s t of 
•qui l ibr ioa at hl||!i ooaeaatrstion (3CQ D P S ) . At th« sublotlua 
eoaeontrfttlon of 20Q prm 40^ of tho flohos showod syaptos* 
of roopirfttory diotvooo and 20% of thoa dlod of ataxia, 
haomorztiagff, l o s s of oqullibriiupt and convulsions. 
rhs prossnt ob8«rration8 olaarly dononstrate tho 
dalstarioua offeote that aeroury, eoppar and ainc hs«r« on tho 
freshwater f iah, Qhsanna. t^ursotatus* All of thea cause >iy"^ #i>-
sanslt l irity IrrasDQOtlve of dtosage. ''azfiaps, as ooi?ii«d out 
by Jones (1947), the reaction dis^ilayed by the f ish has no 
re lat ion irith the tox ic i ty of the hoary set'^l s a l t s . The 
hyperactivity of f ish could be recorded af ter about 10 s inutes 
of the exooaure of the f ish to the toxioant. I t decreased 
gradually with an increase in t i ae and concentration, and the 
f i shes appeared ooapletely exhausted. Jones (1946) had 
e a r l i e r oheerved s i a i l a r reaotiona in ?yit9ff^fflfl imMl^ l l i 
irtiea i t waa exposed to s a l t s of aaroury and oopper. 
f lauaiPle explanation Ibr aaoh behaviour shown by the 
flirii in a s t a l aolationa, may bs that whan fishaa are exposed 
to toxieaat aolution they get i r r i t a t e d , aora rapidly aad 
tKaza i s an inoxaasa in oxygen daiaand. To oops with t h i s , 
v«i%iU.atioa rata l a inoxaaaad* tlia f lab gata axhauatad aad 
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«li«n i»lfto«d In ft tox ie •o lut lea th« floli «iJilblt«d 
!i«phiii2iij?d ftnd vcrtleal. vowatata , th« f OXBVT displftylai 
irrit&tioo OS tli« parts of th« f i s h , vhi l* 1^« Imttar r«8ultlng 
in incz«&0«d Intaic* of aix* to aoet • groator dommd of oxygen. 
Aft«r 6 hours of expomtro, alrguXps, Jexks* jumps end backward 
noTamenta were recorded in the case of fiahee that hmd 'oeeri 
exposed to ii^roury and ai&c aolution«, That could be an 
indioatlon of respiratory dletreaa. In oaite of ooDT>er 
poiaoning, whirlitiif ssoveaieiita were recorded and the fiahea 
i^ere found BMlDmiag l a t e r a l l y . In t h i s caflfe rieurolo^lcal 
dlaordera eight be reaponaible f o r the abnoxmal behaviour of 
the f lah . rheae obaerratloBa are In agreement with those of 
^Oiel 11959} who also found that oonrter was a neurotoxic 
agent. S la l lar obaerratlona haa beea recorded by Jone8(194B), 
Baker (1969), Chauhau J t l i . (1979), Pant £ i a i . (1980) srod 
Khangarot (19a i ) . 
Morementa of fina are In fact related to the awlcaiaing 
pattern of the f lah. 7hex«fo«a dttrlog the hyperaetlTlty 
period, Tlgozoua avlaialne aoTeiseets of f lab InrolTed oa»dal 
f in and aaaoiaar MOYeMiata of t a l l a f ter 10 alautea of 
•xpoauva of tbe f l A to aarewry, ooppar aa4 s ine . ' Paat and 
hla aa^eelataa (1990) baTe reported l l t t l a a e t i v l t y of the 
'i»» »' Smilm nm^mlm «*^ •xpo»ed to soiutieaa » 
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of eoi^f«v itfid sine* I t i s a qalt« el««v that tht tmiotioiiliic 
of t)t« f i a s U ftff«ot«4 %9f th« Biotala atid t h i s ultlJMtoIjr 
affoots tho ao t iv l t l oo of the f ioh. 
Looo of orlontfttloa In flohoo rooordod durlnf tlso prooont 
otudioo i s ooBiparatolo with what has oarXior boon obaoirrod by 
Pant si ai« (1980), KmA (1977) has pointed, out that a l t srat lon 
ir svlmislng porformanco may ef^'sct tho orientation of a flsAi 
towards I t s T>r«y or food wH'i t h i s could bs the reason for the 
l o s s of orlontst lon obserred iurliiu th® present sttidiss* 
Gontrollsd f i shes slid those exr>09©i to lover concentrations 
a c e o t e i food after 6 houra of expoaiare t)eriod as fusing t h i s 
•'erlod the f i shes got acclinaatlsed t o th*? r^ ow eKTlronment, 
Fishes exposed to high ooncentration of saetal did not food. 
^was 
Perhaps the jaetal at res®/too sauoh for the®. 
In oaao of oopper poisOiiing the f i shes did not accept 
the food oven ythma thsgr vors pressurised with a vxf low 
ooaoontration, kn interostli ig feature was that when ths f is i iss 
snapped plsees of coat l lTor aapplled to thsa, these vsso 
TOMlttod out within m ainttts or two of hsTiof been takoa into 
tho oMutli* Tho roasoa f!»y t i i i s aversion A>r food oouOLd bo 
the oessatien of foediai as a rostilt of exposttre to ooppor* 
As shown in Table I , tho rostinf period botwoen swimeing 
aowoaonts of tho f i # i was gone ral ly l o s s doring tho hypozaotiTO 
s tats* Diffoffoait howowor was His eaao with ooppor* i^sro tho 
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«tatiBi 9«ziod •xo««d«d Hiftt of tif floatMlI«4 fiiAMs. flk«M 
•batsTfttieaa mv MMpAxaM* to tbooo of Jonoo (1947) tilio fSouad 
^^* Oagtoi»Btotto aottlomtttf iliovod [»xofo«oiioo to ooi>poc 
90lttrttoii mzid orratio iMdirvaeiito i«^ imtor^ 
MoTMionto of oyo 4Id not nhow any rospoaot to taotal 
3tros8» oxcopt la toats with hi^h oonoontsatlono vhon tho oyos 
got ooTorod by a thlok fllat of auoua* 
Koaotlon to oxtoraal atlffiuli suoh aa lOta touobin^ of 
the fiah vlth a i;Iaa8 rod and noiao oraatad naar tha Jar eauaad 
Irritatlonal movetmnlin in a dlractlon oppoaita to th&t of tha 
source of atliaultta. Such raaotiona are in oonaonaaoe vlth tha 
fright raaotiona recordad earlier tn rainbov trout by /reastan 
and ETerhart (1971). 
Fiahea exposed to aareary, oo Piwr and sine shoved loaa 
of equilibriuffi. This oould be due to dlatuvbanoea in nervous 
syatea or the labyrinthine or^an (organ of balanoe) alfht have 
beooae affeoted on exDoaure to the aatal* 
During the present stud^iis f l ^ s s axfossd to oop^sr 
ahovsd olreliag and afitatlnf aovsasnts folloiisd by a loss of 
aqullibriua, :^eh a loss of aq^llibrius eoold be the result 
of aewotts disosders* On tha other hand fishes exposed to 
asrsttiy and siao did not A s v snjr suoh •ovaasata so that loss 
of squilibriua in thsss f lsbss oould bs assi«aed to ths 
ispaixasat of the fimetieas of labysiathias oi«aa« Fsssasa 
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MA Bv«xii«st (1971) •XMO ob«««v«4 meli « I O M of •%«l|.lb»i«B 
2 i iSi* (1979) »eosd«d loss of t«ttUlbsl«M in 
ffftfl?ff«f^ff^ iStil&Ui ^•^ ^* »»• •«P«»^ *o eatelwi. 
IhangMot (1980) MOorAod i t in th9 OAM of ^uat^iio IfijgiAIt 
vhilo Saxona jj^ iy .^ (1931) ob9«rT«d tho saoo ph«no8M»non In 
th« oaao of Qhanna p^o^fttuf irhon i t was oxposod to ohroniua 
Kino and niokol. 
The above diaoussion loads to the conclusion that 
devlatlona la ttio bohavlousal tiattorna of flahoa duo to setal 
oxttOflRirfi oould ae2r«r« as im index of pollution* 
aart»ont*?r (1927, 1928), iohruns (1926), i l l ia (1937), 
».«atfali (1945) and Jonen (1947) 5^reo that the d«ath of flah 
in hoavy metal aolution vas mainly due to ooenulsttion of nuoaa 
on th« ^illa* fbia rosultod in reapiratox^r failuvo. 
It aeons that netal ions interaot vith auoopzotiena to 
fom aoBM iaaolublo ooapoiind «rhi<^ iota depoaitod on g i l l a 
and iatarfosoii alth xoaiyiratory funotion by bloeking tho 
paaaaeo (§111 aurfaoe) for gaaaoua exobasM(o (l^udosoff and 
s:at« 1953). 
Pasalyala oould only be xooordod la oaao of pxolOBfad 
•xpoattxo to low ooBOOBtmtlOBO of aosouxy and eoppor. ]>vrlos 
ot j^« (1976) also obaorvod paralyaia in filiJft iKoigdaogJ 
booanao of axpoansa «• load i l i i ^ of foot a tlio oontval aocvoiia 
3? 
«ya%«», Chmm (X977) ooiisid«r«d m9rewBf to b« ii«uzotoxio 
Aii4 this eonfiiBs th« pb«iiMMaon of prnxwlfwim ob8«rv«i auriiif 
tlM pr«Mnt «tttdi««. VofoX (1959) also olalB^d ooppes to 
haT« Qourotozio and naphxotoxlo •ff«et«» whieh eoiold l»« 
ol>i«rr«d in goldflato axiMMicl to 1000 vkg/h ooppor* 
Paralysia eould b« dua to tho inhibition ot metabolic 
raqulraaanta (Copa sX JSi* 1970) which getg incraaaad baoatisa 
of the atreaa iaooaad by ffl«tala on flahaa. Preaant obaexrrationa 
show that oa^aa of payaljraia oooucrad nora in CLshaa vhloh vara 
axpoaad to aaroury than in onaa which vara axpoaad to ooppar 
and sino* This cotild b« at^ributad to a greater paraaability 
of marcury to brain aambrana than of ootjtmr or «ino. 
More fishaa died baoauaa of oonrulaiona catiaeci by 
axpoaura to cooper. Thia aa pointed out b- Modi (1977) 
oota.d ba attributed to danage of the oerebrus m i^oh atarta 
aoittiiiA abnormal ispttlaea l ike jerka* traaora and ahaky 
•oveawata. It la alao poaaibXe that the tozioanta whi<^ enter 
the bo43r of the f lah in exoeaaive amount a at art aeouaulatiiig 
in tlM bsftin tad d«B«ia the tieaua and lover the flljeof an 
eoataat and thua Imfalr tbe funetioa of ttie brmia. The 
axeaaait« aeevuMlatioii of toxioanta in the brain tiaaua 
saaulta la ataxia and uaeoordiaated fin and opereulua noTaaienta 
baeosa apparaat. 
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H*««osch«i« r«oocd«d la th« flili«« •X9o«*d to sine bj 
tfeit p««wm% aaHior la la ooasooiuio* with tli* obMmttloas 
of oaxllor wovlcors. Bonfta^on (X974) c«i>ort«di haononEAiiMio 
la l^ fcfoxlniif »£• aft«r sine Istozloatloa, 3111 and Past(1981) 
irihovad Init ia l fa l l In i::)C aad haeaoKlobln ooata&t la 
Puatlaa aoohort whaa axtwaad to mronry* atrlk §X flak* (I'^^e) 
noted Init ia l haemorrhage In carps that vere exposed to 
chroslim* 
Haemorrhagd oould alao btt due to ttie entrance of laetal 
aalta Into th© blood. Theae toxloaata probably daaage the 
valfe of blood Toaaels vhlch get perforated. There la an 
ezoeaalTe loaa of blood. eberle^nd Cohra (1977) have 
reported that the entry of toxlna could damage blood vea^ele. 
Oedeaa vhleh la the awelllne of body or an organ beeauae of 
phyalologloal dlsturbonee was alao noticed by the sreaent 
author la flahea that were ezpoaed to oopner md aeroury. 
7he aboTO obaervatloaa olearly show that altered 
atenoxnal bahaTlour of flabea due to the ehealoal toxicant a In 
tha watar oovld be uaafol la devalopla« pathologloal ayaptoaa. 
HoveTos, It would ba aova ooaToalent aad appropriate If theae 
patholofloal ^faptaaa are Idaatlfled and a flow dhart la 
devalopad fov Alffazaat flabaa la relation t o tlia toxloaata. 
Aa the aaalyala of vatar fev a pattleular toxloaat ooaaaaaa 
oaaaidarabla tlaa« aiieh a flow ehart would ba uaefal la 
14«sllf)rlBi the patlialacleal «y»pto«a affaettog tha fliAi aadi 
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ttmn ptnmtntlng •xftotly tiw %fm of toxlomnt or toxioaals 
psoaoat in witor* This woulA b« of ooiioider&ble tiolp in 
ooBlmtini; poUatlon in wmtmr, atuc^ In advieaoo by taking 
stiitabio noastairos BM for proti«e1iiB|[ %h« tXmh fauna. 
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Jlnoe homvy m«tal8 aiTQ bollev'ed to eauae respiratory 
dllatroas In flsho:? i t was oonsldsred <3*8lriil»l« to sxpose tine 
t«l«08t , Chi^ i^ a aunotatt^ t o thres oo?a»<mly used metals 
laeromry, eopper and sine azi^  stud^ their tox io l t f to t h i s 
apeoles of f ish* 
Joaeo i\H7) reported that J3ercury» copper anA lead 
iacreased the reaplratory rate of ^alyrga^914§ affi\tiLffatr^ '^ 
ihe rate of opercular Oeats alno inoreased and thla as pointed 
out osr > ohauaoer^ sSt iJL* (1967) and Jaime sX iJk* vt9i32} oan 
l»e ased as rapid bioasaa^ method for deteotinc^ the toxioants* 
^oiies (1947) found that Tsnt l l la t ion rate of aaeteroateas 
atfluleatufl inoreaaed when f i shes vere exposed to oopper 
solutiim* 3parks tiL liL* (1972) alao observed aa liiorease in 
te'sathiag rate of blue ^ i l l s vhsB thegr were exposed to sino* 
tfhilo Jrafleld and .^thiosson (1976) reported iaoreaaod 
otygmk uptaleo v l t h h l | ^ breathing rate la etloklebaoks 
exposed to s lao* 
4! 
0^ Slmiail p^ftotf^^ v«r« rteordta at flx«d %tmm intvrviaa 
with ta« hoXp of a stop vatoh after the exposure of the 
flehee to different eenoeatratioiui of laetiULe* 
.:iie f lehe® 6 to 0 oentia^ters in s i z e were aliowed to 
:?et a0oilaatli8ea to a^j-oariua ©oiwlttloas for two houra Defore 
the addition of the toxicant to tlie Ts^^iua. AO-aaoriituro of 
the teat molMom of the toxieante raage<l from 20 to ZZ^'o. 
\>nly one fiali sraa kept In, at* aquarius of t5 lit®ra oapaoity 
oontainlag aar^-ted water, ruro® oonoi^atratioas of ®aoh metal 
v«r® %9&ta<l a?M! obaorvationa ^ero takWi after 10, 30, 40» 30, 
160 an-f, 320 i-iinutea of the exDOour® of the fiaa to a toxioant* 
^hQ r^B'-ilts obtained (rjiOle !/) aliovoi th: t opere-ilai* 
a^ata of y'.teflM. ^unetatus inereaaed with eonowitration and the 
tii&e of exposure* xhe rate of ventillMiktion continued to 
inoreaae upto 160 minutea i5 pom raeroury) Out a 6udd«i deol iae 
oould Oe oOserfed at 520 minutes* iiirgulpa a l so shoved a 
direct relat ianship with oonoeotxution and exposure periods* 
In t e s t s with aeroury the sMMcimwei increase in opere\iAar 
cioTsasnts wui aotsd at 25 ppn after aa sxpesurs of SO ainutM 
(raoXe X/)* 
ifhe (Mii«snti«ti(»i at whieh the l eas t ausihsr of aoTs^eots 
were reoordsd was 50 ppm after 520 ninutes of expoours* 
it 
wiiaogM in %h9 r«»plr««ory aotlTlty of IQnBBA tWIBltfMl 
«li«a k«9t l a oopper •oXutioa ar« •hmm l a ta1il« 17* fli« 
l a e r ^ s « in tiM mate of op«r<rii3Lar iaoT«a«iits inui oontimatd 
upto ao, 520 ana 40 mlsutsa in 53» 100 aad 150 pp^ a 
oono«citratiofi of ooppi^ respdotlvolj* 
Hftar 32 J tninutee of oxpOBuro to a o(Mio«aitr«tlon of 
150 pp^ t^ th® nu'ttbar of operomlar boats ¥ere miaitaw»* 
..axi':3iuo iaorm^so in oporoiiiar Ooata vae notod at 
100 pp"i QQptum* after 520 rainutos of oxposuro* la ooatroX 
fiahas optiroulir r&Qrrmm«n%B rarigod betwomi 33 to "5'^TI por mlauto* 
iio aigfilfieant correlation a^otwootik tix© nussbor of oporoulay 
•aovoassata ;i*nc! th® D.ii:ab?r a.r air/niipa ao'ild bo ©'.-jtaulisked. Jtn 
Inoreuso in siirguips was r-jcor^od »itli an inoro^iae in eicpoauro 
time an^ coneentratloi^* 
In toate with sine (Tablo IVj ItyponroatilXatioa 
pro^proeood oaljr upto 40 minittoii* thm saaxisuia aumbor of 
oporoular boata vor® rneortfod at 1500 ppa aftor 20 laiautoo 
of tho axposuro of the fiok to tho toxieaat* thm oomto of 
oporoular moTosMmta voro aiaiiattm at 1500 ppa aftar 520 miatttwi 
of •apoattro. Oparauiar m»wmsimi%& »tarta€ daoXiaiac ia 900t 
1000 and 1500 ppa aftor SO* 40 ai^ 40 ainutaa of aacpoaura 
roepaatiToiy • In oaoa of aiao no rolat ioa oouXdi bo Mitablialiad 
etween %'am aitabor of airgiuXpa an^ taa nuabar of oparoular aoraawftta. 
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MlWgglfff 
OovlBi th* pr«99a% iitv««%ii«tioa» m, ^Ifet Mlatleiichlp 
vms •••a b«tw««B Mitttl ooneintnitloB and nuBb«v of op^vmtlas 
!»•«%• «t lo««r •xpoviUM p«zio4«« Iat«rrala b«t«*«a alsgttlpa 
alao dtoxvaattd with an laecaaea la ooaoaatcatloa aad •zpoaura 
tin* (axoapt la morl)nmd ooadltloa of flah). Thoso two 
foaturos aiapXy ladioato aa laozaaaod rato of ozygan eoasuap* 
tioa vhieh haa alao baaa rooorddd h:f Joaaii (1947) In th« oaaa 
0 ' gftatagoataue i s a i t l l M - ^^ »« ineraaaad oxytan oonauaptloa 
within oaa hoar paslod of axiK a^ttca of flohas to aotala aay ba 
usad aa a oensltlva taobalqua for datcoting tha affaoto of 
pollutanta on raspiratoxy aotivlty* 
OB axpOBln^ s ^^o aalaon to DDT, Bohauabaxg (1967) 
obaortrad that oxynan oonaaaption vaa llnaar to OBT ooBoaatration 
.relationship . . , . . 
vheraae a nonllnoar/vaa obtalnad by tha presaat author (Fin* 1 ) . 
A gsadtial Inoraaaa la oxyf an ooaaoaptioa* follovad T»y a 
fa l l la oxyiOB lataka aa ^ovn by tha auabar of opareular^ 
boata balbxa aad aftar tha daath of tha flah la arldaat froa 
thla flfara. 
Th^ ccadaal daoraaaa la tha naabar of oparealar baata 
•ay ba axplaioad aa tha aotion of aatal aalta on auouo 
aaoratad at giU aarfaea* Thla gate ooagalatad and gradaally 
bleoka tha paaaaga fov gaaaoua azehanca xaaaltlag la ^ a daath 
' igyre 1 • dfiwsto of sdroury, copper and elao on tn« 
fr«qu«itc/ of oparoulaur aiOYeasnts of 
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of t^« fioti dno to oofibsrilotiOR. 
Tkioai VMi oa inoxoooo in «iz|til|>s dopondizig oa tbo 
eonooatsatloa tootod m d Hio tlao of oxpootueo* It ooom that 
laovoase in exygoa ooaoaxptioa at liifbor oeaeoatxatioao 
roaal1;«d in aa alt^vod xospoaoo to tho toxieanto. BxooooiTO 
air gulpo by tho floli eoald oiean that it takoo aoco air fron 
tho oarfaeo of thto wator to ao«t tlio extra dooand of oxygon 
roqairod daring tho iMixiod of hy|HiraetiTity« LMeh a 
dhononoaon haa alto boon oboorrod by Ktiangarot (I9B1) in tho 
ooso of Channa ottBOtatao whon it was oxpoaed to zino solutioa. 
i)eoline in tho rata of oxygon cotiaumptior boforo tho 
death of the fioh in tho tl^ reo metfil oolutiona may ho duo to 
obstruction in respiration at the gill aarface. Thie reoulte 
in oxyger deficiency and carboadioxide retention oo that 
vontiUation rate io inoreaaed to ita aaxlamai. Tho fioh goto 
exhauetod and atop* breathing booauao of the ooaalete blookade 
of the reaoiratory paaoago. Other explanation for inoreaeod 
reopiration rate may be li&e binding of aoabrane protein with 
•otaX ioaa reoolting in protein donaturation (Dom 1974)* 
Tho fioh aay die of aapliyxiatioa ao hao eavlior booa 
aoiated oat bj Joaoo (1947) aad illio (1957). When expoood 
to sine tho f i ^ breath to ita aaxiaoa vithin a ohort opan 
of tiao aad this oauooo respiratory diatxoao. Suoh diffozonoe 
la tho aotioa of siao by aoroary aad ooppor aay bo duo to t!ie 
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fftot that sine ions s«t i^s»ol|>lt«t«d nox« quiekly thus 
••rottcy onA eopp^v ion* ifhieii liit«rf«c* with tli« Mspixfttosy 
9»o«(i« at th« gUX mirfao*. Dariim tlw preaant fiadiai« i t 
liaa alao mien fottad that maxlsiist ineraaaa in tha oparonlav 
baata waa raoorded in oaaa of highar ooneantrationa of sine* 
Thia aaana that a ooaoantration hi«har than 24 hour LQ^ 
v^ aXaa moy bring about a aignifioant ohanga in the reat^lratosy 
ratOt iwi<S in thia way braathiag rata may aarva as an indax of 
etraas OB fiahaa dua to axpoauxo of toxicanta. 
l!iniiBUffi ohaaga in oparoolar noTamanta vaa raeordad whan 
tha fiahaa nara axpoaed to aarcury at 5 'pv>m for 10 minutes. 
k !>lauaibla damlanation for thia obaenratlon s^ ay be that whan 
aercury at a lower eOQcantratlon i s adffiir.iatered i t atarts 
finding i ta way into tha body tissue instead of aocustalating 
on ttia fiill aurface. 
7ha preaent obaerrationa stay be uaad aa an index for 
tha detaasination of pollutaata in the aquatic eooayatama. 
tha xaaplsatoxy behaviour of tha f iah would give ua tha ft rat 
lailatttiOB that taia water ia polluted and eoaaaquantly thia 
bahawl«tts of tha flah ia tha preaanee of pollutaata would be 
itaaful for awelwiai aethoda to pvotaet thav awan bafoca tha 
a d t i e a l lawal of aouta toxicity ia raaehad* Paidiapa thaaa 
atudita would ba of eoaaidarabla help ia tos ie i ty teatiag 
48 
MgfAL TOI.S.EAKCS IM QHAMA mSQTkf^p 
Hecent adranofis in iadustrlal and t«ohnolosloal 
t>roo«0a«s hav* oom« in th« way of water (|tiallty laprovement 
pcograaaea baoauaa of baing hasardoua to fiah and otbar 
aquatic I l f « . The drainage of induatriaX waatea Into 
potential ly f iah zloh water tioliea haa beooae a wsiloua 
problea for the enriroosMmtalists?. ^ cosiber of workerg have 
IxiTeatigated the problem but very l i t t l e hae been achieTed 
with reaoect to f i shes in Indian wstera and therefore during 
the preaent atudies an attempt was nade t o conduct experissents 
on the tolerance of Ohamia ounotatue to three oosaonly uaedl 
heavy aeta l s aeroury, copper and s ino. 3hort teras t e s t e of 
s ta t io bioassay were oonduoted to determine the IQrr- values 
at t i n e iatervals of 24, 48, 72 and % hours (APHA, 1971). 
Farther intenMdiate t e r s bioassays for 40 days were conducted 
to deteraine ohxonio sad threshold t o x i c i t y TSIUSS at diffsrs&t 
eonoentratiOAs of asreury, oopp9r and sino to the f i i^« The 
short t e n aouts totxioity and iaterasdiate t e m thjeesbold 
t e x i o i t y s tudlss vers BsAe by subjecting the f i shes to graded 
eoaoeatratleas of saeh oheaical in 15 l i t e r s of vatsr . Twenty 
healthy f i s h s s vers ussd in eaoh t e s t , fsapexatuse raqgad 
firsa 23 to 50^0, iiH from 7.0 to 9*0 and hardness fsoa 290 to 
910 flt/Xi* a t s t i s bioassays ooas i s t iac of f ssdsd s s r l s l 
F ; 
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oeae«ii%vatioa« wtv •xt«ad«d for 241 48, 72 and 96 hour 
•xi>osur««. Xat«m«<ll«t« bloassaya vara alao aoadaatad o^tr 
a i^ariod of X0» 20 and 40 da^«« Doaa-mortality saaDonaa of 
ghanaa pxmolatttg to aareury, eoapar and alno waa obtainadC'^^ 
imd tha data waa aatojaetad to pxeblt analyala to darlira LC^ 
•aluaa* than u^par and Xovar flduelal I la i ta , xasraoalon 
aquation, ohi aquara and rolatlro potanoiaa (fablo ^I and VII, 
Figure- 2j_«- — -
3lnc« th« toXoraaoe rm^.gBB tor siarowqrt ooppar and 
^lae wtv9 vezry narrow, gaoa«trio serloa of conoMEitratlona 
could not ba u»ad to d«tai«iao SCCQ values and tharofoxo 
Borial dilution*! wara uaed. 
h r«vi«w of literature shows that '^tudiea have previoualy 
bean conducted in relation to different factors idiich affaot 
the toxiolty of varloua ohemioale in relation to fiah aa alao 
on 
rawlewad by Doudoroff a^ d Kati? (1953)/the toxicity of indviatvial 
waetaa and affaeta of thair ocnaponante to fleh. Thua Cania 
and !iara (1974) obaeznred that after a 24 hour expoeura to 
aublatbal ooneantration of aaroury the abil ity of m>aquito 
f^9ht gaabn^f ap» to awold pxadatlon by baaa vaa ooaaidazidlkXy 
lapalrad. la another atudy Panlgrahl and Hisra (1976) found 
that aXX flahae died when eoneantratlona higher than 5 a«/]» 
of aareuria nltxata vaa «lvan to Anabaa aaandana* The apaoiaa 
hovoTar, aurrlved at a eoacentratlon of 3 «f/I« aXthough thay 
ahovad a variety of pathoXosieaX and bloeheMlatX dlaordara* 
fabl t V t DOS* sortftl ity itrnponm of g^yina imftctrntna to mwmxf, eopp«r aad aiac 
Ooneontxatleo Soxi^mt 
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Thm %QX9vxk99 of * fv«ili«ftt«r t«I«09t, ?ttBtli^ » t i e to to 
a»««ii»io oltloriio, oaAttlua ebloridi* and X—A altirftt* iioiwd 
96 hornr &0^ Q TAXU** to bo 0.10* 2.5 and 5*0 ng/L roopootlvoly 
(^axaft and Saxona, 1980) • itha&garot (19SI) vhilo dotoralniiig 
tho toxieology of Xiao ana nlekol to F l^^ lti^ » aoohoro. ^abez% ay..' 
SeJ^mM n^^HVm •^A I t tMll t l HfHrWH^ ftl^ ft ^o^nd that tbo 
96 hour LCcQ Taluos for thoao sptoioa xangod botvawn 29.38 
to 54*95 9T«B and 13.57 to 48,«^ tjjwi for alnc and nioleol 
raapootivoly. ^, ^^unetatna was mora aonalti-ra to also* juat 
aa Ptjil^ifi l2f^ 9,i;'1? »»« to nlcltol. 
Studlaa oada on tbe fry of Channa punotatua (arlTaataTa 
and Tyagl, X981) ahowod that r.Cc^  raLuaa of cooper for 24, 48, 
72, 96 and 120 houra wra 1.507, l.w^65, 0.7B5, 0.607 and 
0.559 mg/^ raapactlvaly. In 1179, Pant g^ flj^, tasted tha 
toxicity of ooppar and aloo to gta^tiua conohoniua and 
oonoludad that ooppar and sine vara aavaraly tozio to Iha 
fiah. 
Xha raaulta ebtalaad la tha psaaant atudiaa ahovad ttiat 
an inexaasa la aspoawra t laa Aaeraaaad tha X*Q^Q raluaa fas 
irarleua texioaiita* Of ttia thsaa Matala taatad, aazeiary pmrmd 
to ba Maat t*xio fOUovad by t^wtmr and slno raapaotiraly* 
Tha Taliiaa givaa la faUla fZZ lAov that la tha oaaa of Mavoiizar 
a nanmv ra«ga of ooaeaBtsatioa vaa saeoxdad f roa 0.0^ to 
100^ mortality la 24 houm aa ooMpaxad t o ooppar and slao. 
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T«lil« VI lzidioat«« that th« toxicity •aXuas of mtrevaj 
vhioh w»« Boat toxla ammf ^ a aatala taatad fos SSUKUUk 
gnactataa }fv I9*45» 3.§*51> 4*9 and ?.5 ppa at 24, 48, 72 
sjnd 96 tioura t»mfme%twXy* 
Tha aluiilfloaiiea of Tartatlon. obaamd ia ttia I.C50 iraluaa 
of tha tbre« ohanloala waa alao dataralotd (fabia ?!)• Maceucy 
oretiid to ba 7.56 tlaas aoxa toxlo at 96 housa than at 24 houra, 
whaxaae ooppar and slno wart 4«72 and 1.57 tisaa nore toxio at 
96 houra than at 24 hoara* Thla rsQana that In g«n«ral tha 
toxicity of a ohaiaioai ooapound incraa^as aith tina. 
Tha relativa toxicity of the t&rae nwtals basad on 
24 hour f.OcQ valuas waa alao determine 1 (fable Viri) . Mercury 
and 00T)i>er ntoyred to be 36.31 and 13•14 ticsas acre toxic than 
sine to s^iaa^ ffm<y^il,ii* 
During tha praaant iiwaatigationa J^imm Wm^HtW »»• 
alao aabjaotad to aublathal doaae of tha heavy laetaia to find 
out tha aafe levela of cSieaieala for their uae in freahvater 
habitata* Pxaliaiaazy bioaaeaya mx9 ooaduoted to dataxaine 
tha eeaoatttaatiott of «axotiry, copper and alao iriiioh «ay ba 
uaad foJT aMaiaiaf tlia xaa^ for theae toxioaata to datas«lJM 
•ttlAatlial aomoaatratioaa* Thia raafa Ibr aexeuxy, eopper aad 
alao «aa 0*2 to 1.2, 1,0 to 4.9 and 50 to 800 ppa reapeetlvaXy* 
?hyaloo<-^e«loal oandltlona of the water oaed for tteaa 
exparlaaAta vaxatteapexatuca 29 to 27^0, pH 7<0 to 7*5 aad 
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hmMimmw 510 to 320 mg/h* flM <lia»olTed oxyito content also 
SKilg^ d fsofli 6,0 to 7*0 ai/I>« 
7h« studios vox* ooadiiotod oror a i?«rlod of forty days 
dttiriii^  uliieh tlio fishoa vava fad on ovazy altovaiita day vith 
*ad libitua* mknpXf of food. 
fha aublathal and aafa oonoontrat ions vara dataz^lnad 
froai iataraadiata tarn bloaaaaya ^ axpoaing t«st flahaa to 
tha dbaaloala OT«r a pariod of 40 days* 1?ha aaxloua oonoan* 
tratloa at which thera vaa no mortality for 40 daya waa 
oonaid«rai as tha aublathel doaa* Tha doaa sortality raai>onaa 
of Chaoaa puaotattta to gradad oonoontrations of obaeioals and 
at diffaxrant exDOSure parioda hara baan pxasantad in table V. 
Ourine tha ^v»9nt atudiaa mareuzy waa found to ba atora 
tojcio to Ohanna poaotattta than ooppar and siao. Conaaqxiantly 
tha ordar of toxioity vaa n^yGvL>Zn, Joaaa (1947) vhila 
eoad\xotiB« axparlaanta vlth ffliffCTglfH M U f i l l g •a^ «> 'o«n4 
that aaxoKixy «aa tha seat toxie aatal follovad by ooppar md 
siao. 
y«y • ' gyMffgfflaa^M flm^WH w»a aspoaad to ooppar 
by SvlTaataTa aad Tyafl (1981) vhe raoovdad liC^ valttoa of 
l.$07» 1.065, 0.765 and 0,607 for 34, 48, 72 and 96 hours 
raapaoti'taly* Slallarly ?aat t; | al^ « (1979) zaoordad 24 hours 
ttOm^ valuaa vliaa »^tlmf o^oiiaftiua waa aubjaetad to ooppas 
5 
•RA •&»«• tte« T«lm«« ^iBC 0*709 «B4 99.5 ««/%• ^iMir«r, 
^urifli %h« 9V«Miit ttttii** HIM 1^0^ valiMs for dlffonmf 
•Mp9mae9 t iata (7abX« VI) wltli «»• ^ n « oatalt w«z« iRtoii 
hlfhar IBittD what tha praoaadlag verkara hava obtainad. 3UQII 
•arlatlona ooiad ba attvUmtad to apaeiaa •ariation, alaa of 
flah aaA vatar oondltlorta. Dai^ salch and Maratha (19Q0) aXao 
ahotrad that aaceury mid oo'^ par Inducad ataaoaoti&iXltjr rariaa 
wtth aiaa of flah/gypy|nii ME2i£» 
Abal (1974) noatulatea that th« aortallty of flah dua 
to acute toxicity InvolvoB oora than ona moda of action, 
suoh aa psotaln danatxuratlon, altaratlon In aaabrane paraaabl-
l l t y and active t]»tnai»ort. Mathlaaaan and Piraflald (1975) 
rapoxtad thn.t the flahaa may nlao dla baeausa of -&o clogging 
of ilXIa aa ooagulatad anoua gota dapoaltei dua to the action 
of alao lona, Praa eiil obaarvatlona aupoort thalr Id 
axoaaalTo oiuoua aocumolatlon was found to clog tha g l l l a of 
Oaiaana mmotati^f la oloaaaaya with saroui^, copi>ar and alno. 
It Bay fnvthav ba addad that iSnUBft o^e^fitaa vaa axtsaawly 
•OAaitiva to tha thsaa toxloant aadluna aad raealnai vary 
aotiva v h l ^ la i taalf Bight heva Inosaaaad tha rata of 
BatmbollBB. aighar aataboliaB Bight put aa Inoraaaad daaand 
far oxygaa ooataat for Ita naad» iililoh baoaaa uoaTallabXa dua 
to tha aXtamtloB of BOBbxaaa paxBaablllty (Abal, 1974)• 3tteh 
Bltarad phyaialBgioaX atxaaa Bight ha-ra saaultad in raapirateiQr 
diatvaaa vhieh ultlBataly asphysiatad tha fl#i aa to daath. 
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fii« data v«« fwrlli«« •aalysaA to obtain tho solatlTo 
texieity (Finnojr, 1981) of tho Hizoo aotala. It waa foaad 
(falila TZII) that aoreuzy was 5i*9 tlaaa aoxa tozio thaa 
alae while oopiNir vaa only 13«14 tiaoa mora texle thaa aiao. 
tliaaa ralaoa aaggaat that i t ia aztsaaaaly dangaroua to dump 
even snail (laaatitiaa of aoreuzy as miata Into the eeonoaleally 
•table water hodioa. 
I t ia knovn that the effects of these chemicals can 
be Tariable. Apaxt from oausinfi death either directly or 
indireetly by starvation (as fiidi food organisms are also 
destroyed), f ish population may be decreased. Alao fish 
flesh Quires obnoxious odour and taste due to these chemicals 
which becomes unfit for human consumption. With this aim 
in Tiew the presumable harmless concentrations were determined 
after the manner of Hart ££ ^ . (1943). The values so obtained 
were 2.964, 1.573 and 258.73 ppm for mercury, copper and sine 
respeotlTely (Tablej|t ) . Formerly such raluea were calculated 
by many workera on the basia of LCCQ values, but these values 
wera found diaoredible in actual f ie ld application to control 
pollution. Alao theaa valuea drstioally varied Juat beeauae 
the fiiAi did not exhibit dome graded response to toxioaata. 
Therefoza to obtain eonreet values of haraleas ooncen* 
tratioaa aad to partialXy verify Hart fj^ y^. (1945) t 
iataraadiata taza bloasaaya ifx% ooaduetad* The aim waa to 
datazaiaa the aabXatluI valaaa vteza the f iah axfalbitad aazo 
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upto 40 tm^m* TIM viatt** tlms ototftia^d mw 0*09 99a fos 
••Mwej, 0.5 ppa ibr eoppcr aaA 12,3 ppa fov sine. Thaaa 
•ala«a vban Mptsiaaatally d«t«ralatd vart foaad te ba aaeH 
lovar %hm tiM liasBlaaa valaaa obtalaad by Via aqaatioa af 
/la 
iiairt «Bd hla assaolataa* tha pstMnt ftu1ho:i^Iiov«T«r, of tba 
opinion that Taluae obtaiaad aft«r Itart £ | jil^ , (1945) fomula 
ar« anraliablt fbr loai tors aoplioationa of pollution oontTOl 
thOtt£b aoato ohaalcal Dollation ooiald ba ffiinlaised In this 
way. 
Sinoo an Intezralttant n&lysis of vator i» caqtiirad to 
anoortain th« aawtint of ohoaicals In vat«r and for tho ralaasa 
of •xtra quantitioa of wmtar in contanit%ta«) vatar bodiaa» th« 
vftlu«8 of acuto toxicity, r«latiTa toxioity md auibXethal 
laTaXt obtainad by tha pzaaont autlior oould b« of praetioal 
u t i l i t y for r««ulatia€ and controlling (tiomical pollution of 
wator raaourooa with roapoot to (^mm SaSSlllai' 
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SBMSIf I?tTY OF mMM mmmSL to HSAYI mUhB AS 
DEfiEliliiSD SI EK3IDUAL OXTagf? l«,'?THOt> 
Acute tox io l ty of elKtBletO. tojelosnts 1« g«n«ralljr 
determined bf e ta t lo biofkasaye. where the fLabee are 
exposed to ^rmAmd oonoentmfttloas of afioheaioal for m 
defined period of t i a e to find oat tlie nedian l e tha l 
coaee&tration. Sinoe the s t a t i o teet^ consume coneideira^ble 
t i a e and enezfy, m\ alternate nethod known as residual 
oxygen teat was used. Thi!» t e s t was f i r s t started hy 
Carter (1962)• The method used durlRg the nraaent studies 
was based on the nodifioations aade by Soberer (1979) and 
eonaisted in holding the f isbes in sealed jars oontaining 
grauded oonoentrations of the oheeioal and recording the 
loTOl of oxygen in bot t l e s after the death of the f i shes . 
Desired ooaoentmtiona of the toxioants vsrs 
intvoduosd into a ir t ight sealed Jars without entrapping 
aisbttbblss cad thsiMkUj squi l lbriatsd to roon teapexattire. 
Only 0B« f i ^ was lataoAiMSd l a saoh Jar. These «sftllo«t*« 
voce flMde f • * •aoh ooaosatsatloa and rosidual oxygen eontsat 
urns es t laatsd by aslds AOdlfleatlon of Vinkler's aethod at 
ths t i a e of ths death of flalias. Tests were oonduoted at 
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26 to 2B^Q l a 500 nl • •s l»d lK»t%l«8» 1t««ldtt«I oxygmn •alu«a 
«•«• th«n aubjoetod to o t a t l e t l o a l siialyoio t o d o t o n l o o 
iafloetiofi point i^ioh Indloiitod tho thro^o ld oonoontmtloa 
(Selwsov, 1979). 
Cartor (1962) afubjootod Sflfo ^yatta to and ooppor in 
sealed Jars and found that vhan tho fiahoa diad, tha raaidttal 
oagrgan oontont baoaaM oonaid^zably hlghar. Ballard and 
u l i f f (1%9) ahowod tbat In tha oaaa of raaldual oxygon toata 
for aarcuric ohloiftde and phanol VLsXtift Awbaaaia fafgh^ a 
marina f lah, the threshold concantration valuaa vara fbund 
paral le l to thoae of 24 end 43 hours madian l e tha l oonoan-
trat ion , 
iOlaey (1976) ari Gordon and iclaay (1977) have rat>ortad 
that a threahold laval of toxicant eziated aoova whiob tha 
raaidual oxygen content inozaaaad, whll« axoerimantini with 
Juvaaila rainbow trout, Vigara and -.aynard (1977) propoaad 
that tha •aluea of raaidual oxygen method and eenvantional 
a tat io bioaaaaya wave aana with three diffaxaat aff luents 
of a f l l o t »Iaat Icsaft pulp « i l l . Eaoaatly Chavi (1989) 
haa Mfiaatad that i saa tav daviationa obtaiiiad batwaan tha 
96 hour IiOeQ and thca^o ld tox io i ty ooaoantsation oould ba 
dua t o tha ohastaal aatuza and leadine deaoity of fiahaa 
dmriiig tha taata . yioyd (1961), iadardiea (1963), 
PiekarlBi (1968) and Hioka and Davitt (1971) hawa obaaxvad 
64 
that 9tt«o*ptlbUlt7 of fi8li«« •Mpo—d to toxlemtfl inosoMioc 
in i«(ltte«a dlssolTod osyfon oeatont. 
i)ttrla£ tho i>»«8«Bt t«0t« with mireuzgr, eoppor and sine, 
Chaona gunot^taa ^ovad )ii<hav Talaaa of oxyfoa at highar 
ooneantratiena (Pigtueas 1,4 and 5}* "^ ha 96 hour LC^ Talaaa 
for marouxy, ooppar and sine vaza 5*4, 21,4 and 777.6 ppm 
raapaotivalji wharaaa tha tbraahold toxicant oonoantration 
•aluaa for tha thraa mitala, laarciiry eopi^ or m%A aino wara 
B,:5, 84.0 and 525»0 r»W» raapactivalyl. Tha ratio batvaan 
throahold oonoantration and 24 hour ^0^ valua (fablaX^//) 
rangaa from 0.44 to l»Ol for tha three metals, Tha ratio 
obaerved in caaa of 24 hour values for a l l the three chemical 
cospounda vase quite oloaa to the ralues that ha^e been 
obtained by Mallard aad Oliff (1969), Kcleay (1976) and 
Oordon and Molaay (1977)* Theaa authora however obtained 
tha ratioa to ha within tha range of 0.5 to 1.5 of 96 ho«r 
XtCcQ Taluaa while during the praaant testa tha valuea ao 
obtained were with 24 hour t*Q^Q valuea. 
nia ratioa with tha 96 hour LC^ for the thzaa ooapouada 
wasa famd to ha wariahla. 
iino aidiihltad a thraahold toxioity ralua of 525.0 pm 
and th i s fonaad a dafinita ratio of 0.63, ahieh ia in agraaaant 
with that of Molaay (1976) • However, with laaroury aaA ooppar 
tha eaaa waa diffasant and tha Talnaa wara 2.5 and 5.95 
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TIM T«l««» obtmiiMA by th» ^ir»Mii« muthox f o« tliMiliold 
toxioaat ooiie«a« cation «fid Ita xatlo vltti 24 and 96 hour IiC^ 
iraltt«« olaas^ Ly showad tbat iltia aathod la quita callabla anA 
•fflelant to d«taniino ttao tozieity of oti«aioal8 to f ish. 
The praaant obaarrations support 3alXard and Oliff (1969), 
Beloay <1976) and Gordon and HoXaay (1977) ^o eonaldor<?d 
thla aothod to be oonyaniont and reXiabl*. "iowovor, tho 
d««ori|>anoy obtained betwa^ in the ratio of the threshold 
toxioant ooncantratlon and 96 hour IiC^ ;^  valiwa with aeroury 
and co:p>i9er cannot b® overlooked. It i s believe! that when 
the f isi^aa are subjected to graded coaceatrationa of a 
toxicant by traditional bioaasays, the median lethal conoan-
trations obtained for 24 and 96 hours vary indicating thereby 
that dose i s not a tiae dependent gradient (Doudoroff and 
Kats 19^3). The author believes that t h i s i s true for heavy 
aetal ooapounds also, tttus during the present studies 24 and 
96 hoar aediaa lethal eoaoaatrations were not linear to t i a s 
and haaee 96 hoar values seeaed to be deviated than what 
was to be expected . Therefore whaa a ratio i s detaxmiasd 
with threshald toxioant ooaoeatratioa and 96 hour valtsas, 
was fotutd to be SHOh oatside the values of 0.5 and 1.5* 
Hore over la addition to th is the Influaaea of vadaas 
factors sueh aa pH, Iwxdasss of water* loadlac density* nature 
of tmioaBt «at taMnasataaa oanaot be s!9X*A out for tha use 
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Of t i l l * MfllOd* 
It Mttjr b« omioIiid«4 that i f th* liit«rf«rlB« fnatort 
ftr« y»etifl«4 im4 th« rAsldual oxy^tn t««t 1« »t«naarAi«»A 
%h«n i t oaa fo«« MI ftXtensatlT* to tvadltlonfti t>io«98»y toots* 
irliioh ftvo aoro offiolont imd tiao savlitf aothod. 
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HI3TOPATHOLO0ICAL STUDIES ON CflA?THA fitf'ICTATlJ^ PRB33UEI9B0 
'dltn MKECJKf, 00??EE AiiD iil^ iC 
The pr«8«iio« of heavy awtals In aquatle teo«yat«m« and 
t h t l r delate rioua e f f e c t s on aquatic l i f e have been eBiphaaiaed 
bj a number of Inveetisatora, Courser (XS??), Mei:Jer«ott f | f^. 
(1963)» Plokerlnfi (1967) and Trenkel (1975), However, vezy 
l i t t l e aeeisa t o have been achieved with respect to Hie effeota 
of aueh taetala on the tlsauea of flshea and therefore the 
^resent teats were conducted to inyaatlgate the e f fec t* of 
the eoauson aet?il 'pollutant? mercury, copner mnd alnc on the 
t i s sues of the freehweter edible f i s h , Chanr^ a ounctatue* 
Fishes were exTtoaed to ealta of mercury, oopper and 
Bine for 96 houra at IJC-Q concentxrations and to sublethal 
oonoentrations 1*0, 5.0 and 300 ppm of aieroury, oopper and 
slRO respect ively fbr 20 days. Changes in the histolofl ieal 
picture of the t iasuea of treated f i shes were oospared with 
those of untreated onea(,r;3*<»* ^ •-^ feWo^ ^O* 
Aoounulatien of neroury in blood, l i v e r and kidney 
t i s s u e of f is i ies was svidsnoed toy Sinodoveio £ | j]^. (1980). 
In 1973, Orooh •t ^ . studied pathologioal ef foots of nercuzy 
on the f i shes exposed to t h i s » e t a l . Other oonaequeaees of 
snoli poiaoniog as the l o e s of e s l l v l a r i t y , e e l l u l a r 
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A«84iui»iitiofi mkd «hrliilr«i« of f loacrular tlasit* has b««n 
Meosdad ^y KMitiai (1975) in th* o«3« of lotalttMif JBffifililil* 
3*otsy (1960) vpovt9d laiooxoolo aad flbxo«la In tlio Xtymx of 
aiiaaaa oaaet^titt viioa i t WM oxpoaod to aorourir* Ho aloo 
roi»ertod noorooio of g i l l lasollfto on oxpooinii tho firti to 
o«seiiry. l*Al»at iti AX« (1974) obsarrad oo^ptr Induoad 
iiuoous oa l l dapletlon and nuoo-saoratlon inhibit ion in oarp». 
Ihtt nuabar of iriabla 9^9 and tha growth of tho f ish vas fotind 
to Oa radttoad ahan thoiMi oarp* ware aubj«oted to coppar 
axiK>auxe ii4cKia and Sotsoit, 1974). sakor (1969) reoordad 
fat ty aatassorrjhoais in llYor, naorooia in kldnay asd gross 
chaiigOB in g i l l architecture ium to low and high l e v e l s of 
coT»rj«r ©arpoaure to ?aaudoi>leuronactaa asarioanaa. 
21»o 13 aleo known to onus© as^norraalitios in f i sh 
t i ssuaa. iuitOR j | i j ^ , (1972) raoordfd oytological daaage 
of g l l l a in rainhow trout dua to aino oxooaura. Mathlasaan 
aad iraf iald (1973) oOoorrod dataohaant and slouching of 
atithaXial o a l l s , axtanaira vaouolisation of aoithal iwi «id 
transfosaationa of auoous o o l l s into ohlorida oal la of g i l l s 
of atiaklabaelca axpoaad t o s ine . 
^aroury-iadttoad patholecioal ehangas in tba g i l l s * l i r o r 
and kldnay of QmmUk WmSMaiM** 
0111 a s ^ l t a o t u s a of iQwttl a a n e t a t ^ ahow prinajqr 
g U l f i laasnt baaciai saeoadaxjr laaal laa on l>eth aldaa* l^iah 
l a a a l l a sons a oaatsal v l U a v a A l «yata« (jngara 6a)* But 
/ igure 6. a) a«otia» of th* g i l l filaoi^iit of uiitr<tat«!f 
a m fiiftm«it 
$111 Iaa«Uji 
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thl9 strvietusal patt«rn i«ta dlstur^od on «xpo«ox* to aotsO., 
In fitihoa, 6 to 8 ovntiaotors long of 0*year ago uroup when 
•X90ti«d to 4 Pits of noreory for 96 hours showoa aXoufhlng 
of g^tXX •ptth^liMMf and swelliajis ^t somo plaoea with 
hjrpirtroohy in mioous oolXs of tiio g i l l o . Pil lar oo l l &ymt(§m 
wftt fount to bo dOfonorAtfta to m lessor oietont (Hgwrn Tatb). 
Ixooooi'vo auotts sooretion ira« sofna «d«orbo<l oti tbo g i l l 
mmwtmtm, i«f!i«n •xi>oooi to 1 ppi of wmvemey for 20 days, tho 
flab i)rodt]e«d !•&» aiuo^ ia at t t^ f i l l aurfaoo hnt noerotlo 
claai^os in sftoondarsr Kil l laaolla ifoco notaiDlo. Dotaohaent 
of oiiitholluffi froa tjilXlar eoll «:r«t«a nmo also notleoa and 
otbor ooapononta l iko ati^ oua oella aad oDitholial oe l l s got 
withesod off. Vaaeular layar at tha baaal region of seoondaxy 
laaalla waa damiNB^ d aad deroid of blood oella and pi l lar oella 
oould be ae«r) dttaohad f£oa tSie epitlialial layer (Figure 3a,b}« 
lilver of aeroury exi>oaed f ii^aa ahoiied deioaemition of 
liei»atle tioaue »ad nueloar diaomaaiaation be ease apparent. 
Vaeuoliaation ooeurred in he|>atie t i ssue. Aoouaulatioc of 
granular material in the hepatio t issue ima quite «Tldent 
(Figure 9ft»b). Proloaged intoxication with aerouzy resulted 
in aeeroaia wiiieh gripped aore of the hepatic tisoue. Hoverer, 
in a waaller area of hepatio region hyperplasia could be 
obiHirved. It aeeas that prolonged exposure to aerouzy results 
in pronounced destruction of hepatio t issue. Figure 10. 
to 4 ppm aofvtirjr for f§ lipurs mmwiMg 
mlMmmmg to (tMii arrow) oj^ltliolim* 
svoiXim ftpit;^4i^imi («•) imd hjrfotropi]^ of 
aneo^a ooXla (tikiok arrov) X 750 
b) Clixi laaolla of £||iilli^ ai^ct%|tt|| axpoao^ 
to 4 ppm for 96 houro ahoviiig iagaaaratod 
piUlaur ooli »7at«tt itMM mevtm) aai 
aoooii4laf7 f i l l l«Btia.la« (io) I 790* 
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PSi 
•it. 
ds 
t p ^ ««fwaipj tor SDli^v •ho«iii#f 
hX09€ OfAOMi Aaaft««d («rrov) X 4$0 
to) jpilXftT 0^X0 mmmsk. on tho d«tftoli«t (arrow) 
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to 4 fpa m®row':/ fiSrfS ai^^etesiriiiff 
^•^•^•i^t lon of li«pm%le tlS8u« (iurrow), 
'smeuolatiott in h.#s-)atio ttnau® (v) , 
hjrpvrtrophy of )i«patle cmXlM (tiilek arrow) 
and d«jg«n«ratlO!i of ii#i»atio G<I11S (Aho) 
X 1000, 
h) Llrer ti«»tt« of 9 l^il>mi tHu^tatiMi «xpoii«d 
to 4 ppm st«royury for f# "b&uni oliowiii^ 
nuolcar dlaori|pa»lfiatian (arroir) andi 
#ooimtrio j^j^ftotlo nmolla of htpatlo oolXa (thieic arrow' ) X 1000. 
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f p^m mmtQXutf for 20 4«y» shoving aocumuXa-
t ion of ii.ttoli>i (thlek arrow)* liyp«rpla»ia 
of tie|»':3.tio Q«ll« (iiiio)* Had noerotio ol^aogwi 
In hifNiitlo t lsaua ( th ia auP'r©v}xZ/3''o 
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Vh9n 111* fish vaa •xpomA to actxtee oo!ie«nt£atio!3 of 4 ppa 
for 96 hours^ dosquaaation of the ronal tubular cellgi of 
kidney Into tho IUIBOII of tho ronaX tabiiloa waa the reatalt* 
^generation of tttDtale and vail of 9oitmam*B eapaule, loas 
of eellttlaritsr, atrophy of hemopoitio tiaaue due to 
neorosie and •a.ouolation of tabular eel la vaa a^ao notleed* 
tieueoeytio lofiltiafttloii betveen tubuXea vaa obaerrable as 
seen in Figure il»a,b* 
An expoaure of 20 days* %o 1 p^m sercmry oauaed 
filoaerular prolapae fron Bovnan's eapaule and glomerulus was 
found to be dislodged fron i t (Figure 12«>a}. Another 
interesting feature obaerred vaa the union of 2 to 3 renal 
tubules giving the appearenee of a tubule complex and 
aeorotio dttaagea in heaopoitic t issue (figure 12-b^To^U^ ^S^j-
<* Oopper^ indu<Mid changes in the g i l l s* l iver and kidney 
copper intoxieation produced severe pathological 
ohanges in g i l l s* l iver and kidney, fhe aoute concentration 
tested vaa 25 ppn for a period of 96 hours. Fishes vera also 
exposed to a sublethal «>noentration at 3 pp* for 20 days. 
High eonoentration of ospper eaussd disappearenoe of 
g i l l epithelium, fhe p i l lar c e l l system got daaaged to 
suoh an extent that the vithered o e l l s got intermingled 
to 4 ppa of mmfevatftOT 96 ltaur« ah&wtngt 
a) 3la@iriiig d«i^ii*imtiOB of tli« r^maX 
tuhnkmr tutXXtt iautvQw), Io»a of o«lX^-
i a r l t j of Iai«mofoltlo t l ssao ihpi smi 
lmm9Qj%i.Q lafiXtrmtiaxi mmr mtttm of 
oapillarsr OfitltoliAl. imm4g9 (tlilelc arrow^ 
£ 450. 
b) iktvQj^ 'Of li«ao|<iitia tis-3>m« (mrrow) duo to 
ii«oro8l», fmotioiiitioa tuboXikr oolls C'^ )f 
i^ iid. d«g«ri«ratlciB of tubulo (dt) I 450* 
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to t ppm a^royupj fo rTo d ^ s ahmriags 
a> Jaii«KB*» o«ps«a# with irloaittraljir 
Imtrmi), aecumulmtion of 4«BHi9 notor ial 
im limmi of l>sil»«a.«9 (d) 9^BM imoiiiilatioa 
H) i'lsitiaii oi rsaip. ti4l»ia.«» iarroii), iisorotlo 
oliaiit«« in httMOj^itid tis»tt« (a) aa^ 
hmwaoTv^hOkglQ f o o i Clif) X 450 
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wltl^ tli« mat of %h« e«llii . Mueout o«Il8 OOXCL^ het m&n 
iKt laxii* iiu»1»«ra« D«pl«tlon of Moondary fllfluiKint atitrtod 
fcoa Its t ip ftiidi th« outor lurfaoa of the filaiBimt WA» found 
to b« (»0Y«£«d vltli a liaaTy lay«v of auoua (Figuffa 15) • 4t 
tha timntjr 4ta^  axpoaura, t ips of tha g i l l laAalla i^ ot 
Aaaagad. naeroais of soooiadaxsr Xaeiallae and bat(ti«a of blood 
oaXla vara found aooumilatad oa tha tipa of tha filament. 
Oanadation of g i l l aplthalius vaa alao o1>aarm1>la( figuva 14). 
Cofpar poisoBin^ eauaad swalling in tha hapatic oel la 
of tha l ivar. At other inotanoa probably thesa c ^ l a 
xupturad and finally #>t diainta§ratad. JDastzuctlon of 
hai^tic oidLls oauaad vaouolatlon in hapatic tiaaaa (Figure 15)* 
Prolonged axposura of ooppar oauaad ({Uita an axtanaiva 
daaaga of hapatio ealla around the blood Tesaal. In the 
aasMi aa^^la of tiaaua hyperplasia oould be notioad near tha 
area 
daganamitadK. Other features V9X9 retention of fat globulea, 
•aoudLation in hepatio tiaaua and hypertrophy of hepatic ealla 
(figure l6-«,b)« 
Sinoa kidney ia axoretory in function exoaae copper 
ions eoad^ with tba fluida n^ iloh are to be exoratad get 
aeeuKOlated in it* This aurplua cooper during 96 hours 
exposure eausa daaage of gloaexulua with laucocytio 
infiltration in it. faeuolation in hanopoltlo tissue and 
fuaion of tvo renal tubules in the destxueted interstitial 
f t gu ro 13* ciiXi i i i t t«IX«« o f WSMMk fUfflli'lltllffi •xfO»«i 
to 25 ppm ®f eo|)p«r f o r 96 h&vatm a t o n i a t 
piXlajr c # l l &yB%m& ^mais«di ( t^ io.^ arrow) 
X 4fO» 
'lg«ir« 14* 0111 latit«JLIft« o f ^jyynft f ^ f f f t ^ t ^ ^ «xpO0«d 
to 5 pp« of ooppoTpfor 20 'iairs s a v i n g 
t o p l e a l i« |» l«%io i i j t f i l l IiyB®lX» CtsX), 
d#iimia.tlo» o f c i l l oflti l ioXltttt (c!e) aB'l 
aoo\«!aiuXatiom of toXood ooXXii 
X 450 • 
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eoppwr for f i k«iSi»aowliit i 
a) SwoU.«a hmpmti,0 o«2JLff (3^0)» biiratlmg of 
Ii«]^ti9 o«2JL« (arrow)t dA/||»a«ratid» of 
h«^a,tio l^ iafsu® (tklok arrov) undl dlamrrnf 
i'igyr* 16. iii7«r. t i s sue of |^iffl^ aumot^tiift to 5 ii^ pi of 
ooj»9«r for 20 Amf» mhwrlngt 
a) £#t«istloii of fat ,jlobttl®a Cff^ * Yacuolatloii 
la liepalio tl»sm« C'/lit), It^-- "trofligf of 
(911) t 4?0. 
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ir#8««iji^ kypmrpXm»i,m in b<»patio ce l l s 
(ant) I 45r 
to 23 ppi® of Q&ppmp for 96 hours ulio^iitg 
VitOttolatlon in liwiMi|>oi%io t iasuo i?)» 
fluHSioa of r<wattX tubuXoo (f is) sm^ dWMkto im 
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INI i^npov (JKUpuM 1.7) • 
?zeIoai«d ««»o«ttv« to eoppov fov 20 teys «t 5 pfm 
•mMMtittlloa OMMOtf •§«!•«• ftiljM»t« lA klJaosr •«0ii • • 
iMOVoti* of lioaopoltio tlovao to eacte on orloat tliot roaal 
t«lNa.oo voxo ooc^ n oaeh apart f cos ooob othir v i th vide 
iatorot i t la l otaoofi. llypor^Xasla ooald aloo bo ooon in tho 
liooo90itlo tiootto* VoeaciLaftlon in tubtaor ooUo and tholv 
XwMis wms found to bo f i l lod vttti a matrix. Haomorxhaiglo 
fool oould aloo ba aoon ao patohoo of blood oollo In tha 
haaopoltlo tlasua (Finuxo 18«a,b'7octt4 y>^ )-
*'2.1no*laduood ohaafloo In tbo gl l l» Ilvar and kidney of 
1910 fioboo atrooflod to 800 poa of slao for 96 hours 
abovod hiotopatlioXoiloal obangoo in tho f i l l (fifiuxo 19) • 
fho i U i o got daaagod and booaao foood vlUi oaoh other 
h«vi»f a tbiok oevoaiai of pseoi^itA^i wieiia, Oill 
• l^^oXiw i o t dlMk^foatoi %ft«v l t « ooMploto doaudation. 
So VUo4 ool lo WHO fo<«ii ia Vkmii op^ooo at tho baoo of 
ooooadaiar i lU . loMiUa* toooaitiQr Imma^lMm >oo—o fiiood 
oxoopt «t tho apioal. soe&^» Hood ooUo oo«3Ld bo oooii 
iatoiHiaflod with othos ooIXo of ieitx««tod ftlaaoat 
CaplMl lo i loo ) . Jnohoo «hw osj^esod ^ too ppo of sine 
f09 to dor* loot i»k9t9 ooXl>«|jur o«g«ii0fttloii oad oyiHiolioI 
to 5 !>p« of oopper for 9^^ houra -ihowlagi 
«> attorosis of hossopoitlo tUi--!.\x® (arrow) 
with r<mal tubiilMi widely Hpaefxl Ctj» 
•aeuolatiOB in tubulaz* ce l l s i / to ) aad 
aoo'ytnulatioa of nueiel Uhio^ arrotf))<75''o 
^) lijrfMr^lwiiA in booopoitic ti&suo 
C ifikt ) , liaoaorrlm^o fooi (hf) md 
dooquanMitioii of tubular e^lla idta))(ii5o 
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ltijr«r a99«ttr«d as tliiii tm tliirvad Iilc« atvaotuxw. f«« p i l l a r 
ca l l s Qould ba notload vhieh vara Aiaad with tba apl thal lua. 
i'<«Gxaals of aaeoRdaxry l^iii iiMnallaa ana alao notabla 
(ficuzra 20). 
Ztnc axposttra to flali oauaad IIX affaeta on I t s Xivair. 
FiS[«ira 21 ah^vs lo^&liaad naeroala of hapatlo l laaua eauslnig 
•aetioXstlon In fha Intars t i t iaX t i a saa . fmt glo^ulaa wax» 
also rataimad in tiia hapatio t lasua, itoicii ara aaazi in tha 
daoaa giewimlmw Kimtarlftl. 
iBoseasad 9xpomkT» to sine raaultad in seTsra daaaga to 
I lTar dua to mtaoroaia. Aceusulatioa of intiolai was not load at 
soma plaoan in tha hapatie tiaatu» with hyparplaaia In hapatlo 
ca l la {WULUX9 ?.2), 
High ooaeantration (300 pi»R for 96 houra) of sino 
prorad daatructiva t o kidnay. fha daa>a<a inolud^^d daganaxration 
of tubulaa and tha tubular oal la los t t h a i r idao t l ty . Sxtansiva 
daMtga of kaaiopoitic tlaaua waa alao notioad (Figaro 25-a}* In 
fll^ Mira 25h ahrixikitga lii ronal tubulaa and h«aopoitie t iaaaa waa 
notioad. 
Effsot of pcolonnad cine axi^oaura on tha kidnajr of tha 
fish raaultad in tha foxnation of haanorzhaeio laaion in 
iloaaroltta at l a t a r a l aid® of tha iowaan'a oa9sala(Figura 24*a}. 
Othar faat\irasof i l l af foots of alao vas ahrinkaga and atroiJhy 
to aOO fpai sliMi for 96 houra stotring 
adlli»i»l#n of gilX liuteXiao Ca|^)t aiiriiiicafo 
of ,-«.4»eoiidafT IiMiollao ( D t liir&«rtropliir of 
m i ^ OftXlC^ iMOjr Io0s of bloodi eol ls at th« 
Hii^ o of 0«cv.vatiary f i l l XaoMilla (thiok mrroii} 
and dfwaiidatioii of «|iit&4i41aX lLa|r«r ( i^ ) 
figuro 20* (HXl Xaaialia of ^ttimA ounot^tn^, oxposod to 
200 pp» 8i»o for 20 ia^ro s'howliig oolluXar 
i«9or(v;aniaatioa of oa l tha l ia i oollo (arrow)» 
•pit i iol lus ap9«ar«<9 Itiroad liico Cop) meA 
nooroaio of aoooadar^r eUlX laaoi lao (tliiok 
arrow) y.7^o 
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r f f Houm a: €00 9 j^ sia« for f lioiriaf aoovetid 
In tlM Ammm sjmmUMr e^r^oplmim Cf€)f 
F&|piar« htrmt «!•»%• of 
Qooroaio Cno)* tt9o«att3.«tioii mmX9X imrrmr) 
moA ii^mFpXtmim in i^iopatio %is»tt« (Mit) £ 450 
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IIK ^ ^^t^^^^^^^Ev^^in'VV l^ ^m 
/ » ^ ^ H M 
figure 23* li^si^ %l»aim of giiiiyk at^tij^^t^ «if9fi«d to 
090 ppm sine for f6 liouro otwiriaiit 
• ) aoorooio in iioiM»poitie tiostio (no) imd 
d«ii;«Ki4»Pftti<m of tttbmlMi sm4 t«l»«il«ir 
o«n« (4t) jc 490 
to) ohrinlcA^o of tmlmlos i»h}, ionooojrtio 
imfiltratioii ( i ) tm^ aooqtiftitiitiim of 
tubular ooiio C4to) £ 450. 
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•H" . ^ V | ^ ^ 
to 200 ppm sino for 20 day* siioiriiict 
ft) lAMMirrluNiio looioii in ir3»oii«niXiMi ( l i l ) t 
VAOttoXfttioa ia i^oa^Miluo (v) mid 
svolloe glo««emiio Ca) X looo 
l») thriakjigft of booofoitio tiosuo (arrow)» 
otroXXoa roaaX tmlnil.ar ooXls ( thiol arroir) 
•ad dogoQoratioa of tu&ulo (dt) 1 4$0« 
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of h»m&p9ltlc ttuBvm diM t o «••««• n^esoals (Flftare 24-b). 
Inpty loim«a*ii o»f«aXe «l»iowlfif ilenozntXmr prolapac) waa 
s««n i» Flg«r« 24-© with d«i«n«rfttiOfi of fee®onoitle tlaeae 
Mi4 aoeumiXfttloii of nuolle of tubular colls* 
Hoavy aetal polooning latorfoxod vlth tho rasplratory 
aetlvlty of the fioti, duo to th« lilookado of g l l l a wltlb 
suous preoipitation. thia bapponed vhen the fiaheo wexo 
exposed to aoute oom ceo tuition (96 hour I*CCQ oonoentratios.) 
of merourf, copp9r and sino. 
The hletolo^leal plotuce of g i l l s ahowitig hypertrophied 
ouooua oella fktvther oonfl£aed ezoeasi're auous depoaition oa 
g i l l s . Seaudatlon of epitheliiui and pi l lar ce l l system, with 
raouolisation of epltheliua and large nunber of iBucoua oel ls 
oould also be seea la the g i l l a . la sowi oases suoh as oa 
exposure to slne^ fusion of g i l l filaments and seoondairy g i l l 
laffie]&M» vae obaerved. Finally blood spaces at the bases of 
seeondacy laiMllae wsxa found to be d#Toid of blood oe l l s 
sncgesting haenopenia in g i l l lanella* 
Hyperseeretion of auous as recorded by "^llltng ^ gj^, 
(1926), n i l s (1937), Jones (1918, 1959) and Carpenter (1940) 
while deteralning the effeets of heavy awtals os fishes was 
also obserred by the present uldlior. 
Mi^i^9 24. a) mm^y MmMM*» 9i^ i^t3>« (•be) iiltoiriiiff 
Xmi&m. ( la) I 4S0 
A) •G««atrio pfe^oti0 «sroIX«ii atts3.#i of 4M3 «airi yG&o%%9 mmiAtiu mm.
%tii!iBl«ir oiols (&a) aiNI swollen 
tttlkttl* {&%) I 7 f0 . 
1 0 1 
% • 
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81«tm«b«a l i lstolofioftl ^ ie tust of g i l l s MI i»oovd«4 
by otlMr trovksrs ooia<t 9Xm b« iiotlo«d dttciaf Hi* 9>«Mat 
9ifiiAl«0. dftk«r (I9€9) x«i»oxt«4i TAeuoXiitiott In •pith«Xlttl 
Iftysr^ sion^hiiii of t i l l •pit lwli i ts* mmA mtptf blood spftooo 
of iftMiiftA in £if<^o??^«mi9^ff9^ffa ffifty^^jM^^i «**•« •x?©*** 
to oop^er, 'lytiertirophy of mieous oe l la or; g i l l fllamonta 
and the consoquentlal nucuff aecretlon rwcordel by the preaont 
author apt>«ar in oon«>tt8ir.ce with th« findings of i§lli»(19?7)f 
^outfall (1945), ;j«y« and aarsid« (1976) and Gupta and 
ajtoansbi Cl9s^). Injury to i i l l epitbollucs dvm to sidsorbtion 
of h«avy tsetals ha» alaw been reportod by Cardner and Yevlch 
(1970) * and ;f feldisore (1 )7C ) . 
I»fla^?mtory epithelium s®©'^  in cooper and aine 
poiM>niz^ i 9 a condition that has frequently been reported 
for detergente (Leske and lount, 1965 and 8rowrj ^t a l . . 1968). 
IxcosTiiTe nuoeid ooozotlon aay be attributed to the 
exc i tat ion of ^ e MUPOUO oo l la vhloh beeone enlarged in 
ortfojr to ooorete aoro end oore noous. The interaotion of 
sotfil. Ions vi th tlio ineo<»9Cot«in resulted in i t o ooa«ulation» 
pooeibly AIM to "ii» fVMlstimi of aetallotti ioeii io cadioalo 
(DonAoittff mti. Iftts 1955) i^ic^ ai«ht hoTO ewMOd bloekade 
of f i l l •uxfooo fov g»«oott« ox^uuigo* Baker (1969) aloo 
sopostod eopfor • • m eoofulwit of aaotto. 
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W&HX 9ip*9itio oh«iig«9 ooald not M not«<l •xe«9t in a 
f«v « • • • • • P«xiiii?8 th« Injurjr to ci lX •p i tho l l tn and 
^••tcttotioa of iMMllao to o eoBaoc xoopoaoo t o oztsoBo 
XmwX9 of onTlxonaontoX poXlutanto* Za ooppor and s ine 
oxposweot Inflww^itlon and hyt>•1^>01>h^ of l^o oplthollua 
was oTldent. t h i s oouuLd not be notod in tes ta with aoreuxy 
thovm^ fusion of aecondacjr laraoXlae wan alao oboerved in 
easoa of zino poisoning. 
;:0iBage of i i i l i a at ohronic eKpoaure was found to be 
saore sev«re iaecause fishea were contlnoualy exposed to lower 
oonoeatrations of metal where ^mous secretion was soant. 
Meagre quaRtitj of mucus could not sav« g l l l a and thereby 
g i l l epitheliura got diaafli^ ed lem-llng to the destruction of 
other stcuoturea. 
Beavy metal poiaonittg indaoes marked histopnthologioal 
changaa In the l i v e r of Channa ounctatua. Features of 
deatroetion ditae to ««tal poiaoninf inolude deneneration, 
•aomolatioii and naoXaa* diaplacaaant of hepatlo oell«» with 
diwunajr of hapatio ^ e v d a . tha daaaca oauaad t o l lTor by 
•avemxy axpoaaxa vaa qi!sA%9 aavara than by eoopar and alno. 
BaiOBafmtlon of tha hapatie t laaaa, nuolaar dlsocsanioation, 
aad TMniolalian oeouxrad l a hapatio tiaaaa ohovlfti hypexlo 
oaarasia aftax aaseary lataxlaatloi i , Ryparplaala was a 
ooaMm faatmra. r«atttxa of tha da»ace of tha aatala taatad 
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«•• ftPHli to W • i a l l s r •xo«9t fos a f•« ohangvc mm 
tUtXili i i i i io X««ioii« and pv«t6no« of ffttty glot»ia««i uliioli 
! • l i t inttofttioa df fatty laf l l tsat len irvoordod In oaaa of 
09990«« In alne ompoauro hyiMirpIaaia i s hapatie emtXm ootild 
ba aoar) mwmn at aouta axpoausaa (96 hour IiOe^  ooneantration). 
Tha axtant of daatvuotlon oauaadi by aarouzy, oofpar 
and sine in % hour axpoaasa vaa aa-vai:*, but tha loas waa 
sapalrabia dtsa to rafanazation of oalla vhareaa in loagar 
axpoauxe paricMla daatzuotlon waa not sopairabia dua to 
Ineapabillty of v«£anacation of oalla* It laay be stsaaariaad 
that tha dastruotlon phaaa which inoludas aavezw neoxoaia of 
hapatic tissue waa sore pronouaoad and prolon^ei thaji 
rafanaratiwa phaaa, hyparplaaia condition, ti^ich did not 
anahLa tha CMilla to racotiparate Hie damage, ?hia waa true 
for a l l Hia aatala taatad. 
3akar (1969) raportad fat aataaorphoaia in the liwar 
o ' ?if»4ff?gif1IOTffifg1tt MtUgJ i l t •xpoMd to 3200 lAg/L oopper 
and the a«M iHmmmmtmom waa notiaad \>f tha psaaant author. 
Hapailo aaeroala *ai ramMXiaatiea vaaesdad h3F tha psaaant author 
mm alsiXar to lAnt hmm alaaady ^mm lapovlad by Csaadall 
aaa Ooaiai^t (1965) In tb« l i iw» of gold fiah axpoaad to 
•iBa and by 9«pta and RaJbaailU. (1980), who vaportad thaaa 
daaai«« la tba liwav of fflnmii wBiatatiMi oa axpoaaxa to 
ooppav* 
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ti««u«« B«y b« •xplftiatd by %^ tmot that oopiMr Induots 
hvaoljrtio ftnaoala aa tha i n i t i a l Xa«ion oo that naosoais 
raaults in haao^oltio tiaaaa Inkttoajr. thia la fellavad by 
fat ty matsuiovphoait of the l l v a r md xanal naaroaiat asaunad 
to ba 3ao(mdary l e s ions due to probable anoxic s tate of the 
organism (3ak9r 1969). 
A oo^paritlire s^xias aocount of histoaatholoitical 
changes that haT© taken place in the l i v e r of Charing Dunctatniy 
eicposied to heavy metals ahowed that chaises were 7*ather 
aifflil&r but fche seTerity of daaage differed, -'hia could be 
related to the oonoentration of the toxicant a uaei and the 
period of expoaiire* Mercury appeared t o be aK>re injurious 
than copper and s ine . 
the dlafanetloninf of kidney may be accounted by tita 
deatnuttion of henepoitie tiaaua, daaquaaation and 
•aouol isat ion of tha tubular ealla« aeeuisulation of blood 
c a l l s in IntertuJralar apaoaa, rapture of aowaan'a oapsula» 
fiiaion of renal tubolaa^ ahrinkafis of haeaopoitio tiaaaa and 
•aauolation in gl<Miaralua. 
S in i lar ohangea in kidney due to the interaction of 
toxicants have been observad^by pravioua vorkara. Cnmdall 
and Ooodni^ht (1965) reported suoh ohangaa in canal t lasaa 
in oaaa of lea4 t o s i e i t y to ff|^fi^f^^^M^t AilEilai ^ " - ^ Oai>*» 
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t i«««t Mttdt i^tfMtgwIt la i l M n i ^ ' • •^**** «iMM I f f a i to 
Oftt^tii. f«ai«lX (1979) olMiMnrad V^MO. ttttoaXar ^m%mam%%«Bk 
ia tlui lEite^ of lotai,^ affti> ^Mi|^t^ti^ whim MotlqrX Mnrtwrf wtm 
•aaiinljitoroi* flMOO olNiorvfttioni ••«« •••gpAtilbXo v&tli tlM 
pvoaoat f^iftlaci* 
2iio patliologioaX oliaiigM ooe\trro4 ia idiiiflsr tiay bo tuo 
to tlio lJitor»r«a«l oxtMuaotioii (Sooqla oadt iio«iii&leo«i 1994) 
duo to tlio itttovootioa of aotollio iono thattmg^ blood otroo* 
to roBoS. tiootto irtiioli iaIti«otoljr ia^^oir f^aotioao of oxerotoi^ 
»jroto«« 
fBuUUk I M t f l t t M Sovavitr at dawii^ WM woaliWiii VIIOB 4 yya 
aMNHmp moo Mta^ juLotooNid fop M iMnim* CldLo ostont of daawM 
iMMdUl M^ MiH^ #ilft ttl ftgy 1MI#I <lilMMMll9nitiO|l of OI^ JMHf 
Of tlwoiQ maMLB tootoi aowiiiti yfovod to bo tiM wot 
AootyiMtivo M««Xf iOtUawoi Iqr —»f i i ani I^UM* 
f IMI MNMMnt otvi&aai teMMMMMi IttMit i^ UL MUKM I^^ aitliii^ Mi^ lliiaikli 
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fh* AMMC* r«o«ra«d ia diff«r«Bt tissuMi «•!&« not ^ 
X««i t<» t)i« O4»iolii0ion tfaftt li6»9 %mm •xposusf^  of • • % * ] . • wyr 
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V W at v ju x'u liU i^ iw 
1» ;^%roury proT#d to »« th® awat toxic ai@tal to 
QMam. SMSMMMS. ^^^^» «ino wm iom€ to i>« i«a©t toxlo 
of thr®® fe«a.'»y a e t a l s tmmted* Ii0w«v«r, th© t o x i c i t y of 
th« tiire© "jetal a a i t s lacr®aa®d a® th« durat ion of 
«i:i>osiir9 to timm ir%® iiaer#ai3«d. 
2 , rh« ^jrss'xiuiaia aartjlasa eoneentratiOKis as <!«t©rv»in»a by 
th® pr(»sent author "m/ &e conveniently viaad for tri® 
r«i5uI^tioa and cont ro l of wat«r po l lu t ion frast l a d u s t r i a l 
so'orowi as an i'l-'^aocliato measure of prot<@otion. 
3* fh« subit t thal oonooatrati&n d«t«riainod for <st9rcary, ooppor 
aii4 siiM) «r« s%f« fo r a ooii0i<3«r&t»].« long dtxration of 
forty A«y« ftod aiu to« naed vithout oanslng any iimrtaful 
•ff#ota on tiM fl»li«i* 
4« flM ttar«« lM«f3r »«taXfr t««t«< ar* e^»&le of prodooin^ 
3* thm ««T«ritjr of roopirktory di8troo«» pf t ra l js is t oonTuloiotw* 
)it«aU.«» ood«iA wckS hAmalorrhM^f variod v l th tii« turoo aotaXa. 
Eooplratory d is tross «»• amit proaouneod symptom of doatli 
of flahoo in tlio throo a«t«I poi80iiiii|^« 
1 
rMiauaX oxrg^B tmt oaa for^ an Alternative method to 
tradltiOBAl b&omoaajT t«#tti* IM99& i t i s iaor« «fflolent 
and « t iao oaTlQ^ aotliodi. 
7 * Faithologieal <ihaii$«8 in the Kills of i^ JiftEfflft oaai^t^ty due 
to exposure to hemiry metftle inolude denudation, vaouoXation 
ani swelling of g i l l opitfeeliua, separation of ]^ iIXar ce l l 
Bfst^m tro^ epithelium, hj^ pertroph r^ of mueoos oe l l s and 
severe sianmga of the t ip of the filament. 
ii. iixpoaiiT© to hea^ metals alao results in pathoio^toal 
ohangea In ta» l iver . Denudation, hyperpliysia anA ahrlnkag© 
of hepatio tissue are the oora^ fion aft'eota* .memorrh^gic 
leeione alao develop and retention of fat /••rran-'iles i s 
evident• 
•U Xapairaeat in the fuxustieiks of kidney ia due to damage hj 
the heavy aetala aad thia liusludea aeoroaia of heoopoitie 
tiaeiMy daaquftiHitioi!!. of tubular e«lX8» union of two tuoulea* 
ahriiiittiffe moA yrala^ae of itloaerulue. 
10. Hwr^ uiir 9*wi«a the moat severe daiaage in the Kidney of 
SlMHHI tWItf i l H -
tt* Aioag tarn ezpoaure of tvwity ia^a to the Botnla reouXta 
in a nere a«riou« daaa^o of the tiaonoa of the fiahea 
and auoh daaaire ia oortninXy irre^sirfthlo* 
12* fho l iver of HlMmi gtat l i lW ^ '"^^ aonaitive to the 
tosio notion of tho ^onvy notnlo* 
10 
D««rmdatlon of ^nvlronmmit diM to «xt9iislT« lndt;mtrl&-
lisfiitioQ id botma t o csktaaa an irrdpair%t}I« Xosa to ^ l^aaicirid* 
43ai, a i r qua l i t y ha® i>«®n adv^rs^l;/ aff«ot«^ and t h e sturvlTal 
of a nu^1»«r of aaiaaX r?p«NSi«s ospoolaLly th« fiaho« and th® 
blrde h-aa booo^« d l f f i o u l t , fh© fr«sh wator t@l«08t, 
gliftqi^ piyjota^tuft 'ooloaijinij to th® fai^ily JtetBnlda® Is ublqultou© 
a i l oir«r th« Indian -^ud-ooatinont aad oac^ira throuj^out th© 
ftsmr in l&xg® anabere . ihtB fiari caiitriinit#0 -auoh to tne 
®co.ao®y of tlio poopl® a t ^•iligarh aa-S at'^'^lni!*.-: d l s t r i a t® and 
s>roTii«B liv«liiiOoa for a nmMbev of fl&heri&mi, it t'or'-js a 
ooik9id«raOXe proport ion of tho oatoii of tfeo •illg'ara riaUftr;/ 
for hwoaa oonaadaption* 
Boring tho prtmmat s t u d i M th9 Oibavioural reepom?o of 
thift ep««l«e of fi»li t o «« r t* l» hrnvwy a o t a l s was e tud iod . 
Jur«ai2.« fi«h«ft ««r« ii«tt«d tromttmimmtw lM)4i«0 in and aroMUd 
AlisaiH wBd v«r« t r«a t«« witli 0*01^ potasel^im p t r aaiig8utat« 
soltttiOQ t o ttvoia iMTfsal iiif««ti9B* 7!}«]r v«r« t b t n t r ans f t r rod 
t o «]>«•• ftqiwria «otttaiali is «ia«rift« fr— w%%vt» 3 ix t o olgtit 
ewttmtitm^Xong fUhm ww MoXiafttiMA to •tmh o«a«it ioai 
9MA wrm tti en aiiMod goat l i v t r * Th* foo4 was gimm t o thoa 
OR a l tO fUAtO AtijrS* 
I l l 
Olmwntmtioxm pertaining to iitlmirioiina rmpmmm ir«r« 
mmA9 aft«r prossuriaia^ tli« fi«It«fl with iiff«r«nt ooaotn-
tratida* of moreurjr* oopi>or ond sine for a pmttoH of e l s 
liouro* ?IM boluirioiirttl iMittoma otiiaiod inolu^odi op^roulmr 
flMT«HOBto» sviamiag aMiTomiaita» loot of oqmilibriua and 
oriontation* foadlng bohaviour and roofioiiao to extoraaX 
3tl?3ul,i* ilov«v-<ir« tbo imiportant aXtored r®«ipon8« umomme 
of aotal toxioity Inoluaiod irro^Llar iwtrosienta of fittSt <uid 
irioXont r@aotionfl to axtomal otliauli Xcmm of ociuill^riaa 
Eni ooaV'jliiloao* 
ffao rospirator:; activity of Chaytaa, i;[UQp_fa,t,-^  was alao 
laaaaurtd on tlxo basis of Inoroaeo or dooraaiso In %:IB opercular 
baat»» 4 alngla fish was kopt In an ^qy^ri-um of 15 l ltara 
oa|»aoltjir and oO««nratio.n« vero rooor l^od after 10, 20, 4')» o^t 
t^ O naA 320 ulnutMi of tho aspoatavo of tho fish to a toxicant. 
Dlff«r«Bt aonooatrationa of thm tluroo motal toxioanta mwceuryt 
ooppor and stna irora wn^ and tlia raaulta ol>taia«a aiiovod %tmt 
thm 0]^ «retiLar baata of ilMttM ffiTHtllltlt taeraasad vlth oonoon-
tratloa tmA tha %i«a of mtwtmwt^m tmMwwlB Wtwaaa air^alpa 
%!«•• ZBltialljr t)M oyartuljar himf imraaaai vith aoaeantratioa 
maA t laa tost aooa alovad tfowa •« mMii no titat tim fiah baoaaa 
aslMiiatatf maA ooald not r*»piT99 
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fatholegloaX 9swp%9wm of dMith v ^ « rmwi^A la Mi0%lwr 
9«rl«a of t«fl%«* vhor9 tho fiolioo woro oipoood to lothal. audi 
smiilotiial ooaeontratioiis of tlio t^roo toiioiAto for 20 days. 
I'ho aoro obvietM m^rmptmrn ir«ro roofiiratovsr tlotroso* 
iiao^ ».iTlia.gOrOed<irsat and nturologioal dlsoi^ore inoludin«; 
saraljrslSf con7ulBloiis» mtaxiat and loss of oquilibrios). 
wtiiv-rt imc^ s tat ic ^loaesayo wore conduotod to ^otormlno 
til® *'^M valu,®® at oxpoour® periods of 34t 46» 72 and 96 hours* 
tlxoso #zp0rl!9i«)at0 v^r& p«Tf&rm&d at a t»i^erat)iro ramglni; fro^ 
2a®'J to 30^w, po 7.5 to ,>•'}» lmr«a©®» 290-310 ng/i> and 
dil»80lv&d oxygen 7»-) to •^--) ii??j/-u. I'li© do®® mortality re^ponsas 
ybtfiinad tf«r9 aabjeoted to problt aaa.iysis. 
i n ppm 
Ci® 24, 4-^->» 72 and 6^ houra --^ i^iQ valuo^/war© 1'^ «4 51, 
13.51, 4.-ia ati;! >.4^6 for -aerc^ ary, .;3.6a, 33.23, ^>6.407 and 
21,46 for oofpar and 1090.31, l:}09.^, 396.CI9 and 773.66 for 
sine raspootlvaXy. 
It wao found th&t tl&a toxlolty of »«taX» lnoraaaad vlth 
ma iiMroaao la ntpamwf9 t laa af tfaa thrao toxleanta tMtad, 
aaromx pww^ to ^ aost toxle foXXovod t>r ooppar and slno* 
fraauaaWka luundLaaa oonoaatratloaa vara aXao oaleulatad 
iaaad MI XIO^ Q valata «lii«]| w«ra 2»904f t*573* aad 256.79 ppm 
for sarviflprt ••t^ar aad sina respaotlvaly. 31aoa thaaa 
liara^aaa •MM«itffmtl«aa ir«ra laaaaalataat vltli th» i^^Q valaaa 
laiafMitat* %wm Moaaaaya vara aaai«ota« to obtaia tha 
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au^ a.«t&aX and mmf% eoaatatratioaii of %hm9 ««««1»« tk% 
•ig^«ri»«iit« w«v« oonAiMttil over « p«ri»4 of 40 4mf aai tlM 
valttM aOtaiaod ««r« 0*03 ppa for aoroury* 0«5 ppa for ooppor 
•ad 12«$ ppa for slae* 
m th9 trm&ttiotml and eiO)xl« toxioity otudioo ooiiAiaao 
eozisldwrabXo t lao o now aothod to otud;^  tho vonoitivlty of 
:ifaaana ouaotatiia to thtt titx'tto toxloaiits by rooidiaal oxy^oa 
fjoth^d wma ii,do|>t«d« In thio »X|i«riat«eit d09lr«d ooaomitratioiio 
of %h9 toxloamts ir«r« lntroduo«d into airtight aeaXed jars 
iflttM»ittt matrtatpplng air «aub»l«®. dift^r thorsially oquliibrlatliig 
thesa jars to aabiasit room tampsratura of 26-28®^, one fish 
was Introduoad Into ®aob. jar. ika rualdual oxygen eontant 
of aoXutlon was aoaaurad in aaoh Jar at the tltae of daath af 
fishao. i'haaa raaidual ox/g«n vaXuaa ^9T« than @ubJao%ad to 
oimultaaootui ratr«»sioa oqyatlona to obtain thraahold toxiolty 
•aXuoa* tlMNio tbrooiioXd toxioity raXuae n*r9 ai^poaad to Xla 
in tho ratio of 0*9 to 1*5 of 'H hoar LQ^Q raXuas and durlaii 
tho fTooottt o t^ ioo thooo raluira vora found to Xla hataoaa 
0.44 aai UOI wkm ooaporod vitii 24 hottr M^Q raXttoo. tfitli 
H hivm £€^0 Yoliioo tlM rmtioo v«ra qitito rariablo* 3«MitlTity 
ai^ offieiiMigr • ' thio votliod dopo!*4a upoa ooao faotoro 
Inoiiaitoig XooAiaff donoityt oloo of f&olif toxioanta to Oo tootod 
ai^ to^porotvro viiii^ If oaoo otoaAardlsod iMf ^roro to ho a 
ooavonioot aothod to otttdy tho aottto toxioltf of aotaXa to 
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to tM« 9ff««%e of ii««,Tr si9tal« on %%• tlssttoo of flohoo. 
fi i^oforo th9 fi»iiM vovo oxpoffotf to tlio 96 liotur Mi^Q 
ooaooBtratieiio and AIOO to ou^lothal ooaoontmitloaa of 
aorouT^r, eoppor aai siao* 
thd histoXo^eal olimn^Mi In th* ti@au4N( of tbe treated 
fishos woro oompRroA to tlioso of the u»tr«at«4 oiui®. 
rfhon tho aero y«ar ag« ^ oup fi«h«s woro oxposod to 4 ppa 
of ®#roary for 96 feotyrs i t waa foujsd that g i l l «|)ith«lluia was 
®loiji|5h«<S with fe*ollln,i: and layp«rtrophy in taucoua e«li® of tho 
rj i l la. P i l l a r o«ll &^&t9m was also found to haTe £>« distorbeia. 
aowevor, on exposwco to 1 pp .^ of aoroury for 20 Am:^Bt noorotlo 
oh«ag»» in th© 8«ooa<lary .gill laaelia® «a also thn .lotaoiijaoot 
of •pithoXiuii; p i l l a r ooi l aystom woro aotieo&olo* 
XiiTor of flohoa »%p9s^& to moroury akovod nuoloftr dl8or,pi< 
a isa t ioa aii4i A^geiamtttt^A h«|»atlo tls^suo* faouiolloatioii la 
h«9«tlo tliii«ia« vao «I0O fvldio^t. frolon^oa intoxiotttlon 
r««iil.t<NI IA A«<NPe«la Imt t o a loonor «st«»t wwmk lijrfortlAsi* 
eotild !»• • # « ! • 
mcp99WP9 Of a«ut« t«zloi t lo« rosuXtoS in dlMtuMmtlon of 
taliitlMt Mtmmm*m 9 « ^ ^ « aai liin^peitio %!••«• wmn B0t 
UMMMMMlk* A B OOBMMttiro Of tVOAty d w m ttWMIttA glit«<MWttlMy 
lOiOU^At f»o« W9mmm*m o«9«i(a#« Ftasioa o f V M M I %^a3s<aXm 
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mi* an iiit^Mtiiiff tmMxxf otmwt^A* 
thm seeosd a«tal af»«d itaii wo^p^t vitb wiyMiarM of 
96 hour at 25 pi^« thtu mm»t9 oono«ii«rmtloii o«iu«d tii« 
aisapp«str«ao« of f i l l •plth«Iium 4ama^ «^  pilliye' oeXX «y»«c« 
an^ iner«a£«d the auail)«r of IBUOOIM; oeXIs* 4t 5 ppm tho 
«x»OAur« was flxt«iid«S upto 20 ^ay«. '^ 'boti It vaa fouuad that 
th« t ips of iSilX l«8«llae %ot daasaf^ di. ri«oro9l» iraa d 
oofft»!on f«at«r«. 
At tli« SMI* high eono«ntratloii (25 ppm) of eop|)«r 
oxhiblted swelling of l l rer o« l l s . In another inatiifwso t)i«B« 
celX» got rupturod aad this rosuXtotf in T««uoXatioa« Iion^wc 
oxpoataros reauXt«d la 4aaag« of htt|»atlo ooXXa around bXood 
TOsaoXff t)yp«rpXa8ia and hypartrophy of hopatio cnXXa and 
roXatioa of fat i^ obikXas in tlia ^apatio tlosua* 
Ispoauro to ooppar r«®uXta<! in Xauboaoytlo InflXtratioa 
%n aPLomtrtiXms mid vaouoXation ia tHa haaopaitle tisaua at 
hl0k ooaoaatratioa, 5 9P^ axpoaura for 20 iaya raauXta4 in 
na«raaia» liypar pXaaia and vaoaelatiaa la tubular oalXa* 
Haaaaniiacie foei oould aXso ba mmmi aa patahaa of aXooa 
a«iXXa in tli^ a haaopaitia tiaaua. ^iaiXarXy eoaaidarabXa 
daaaf* ta ffilXat Xtrart aaA tlia kiAa«9r «aa aba«rrad i^aa tHa 
fialiaa v«ra asjpaaod %a aiaa* • fh9 aaaoaatxmtiaa aaod «aa 
300 ppa tww 96 oarpaauraa* 71iia Aaaacai aai tha ci^Xa cat 
fitaa4 witli a tliiali aaatia« af i^aaifitataA aaaaa* 9iXX 
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and 
^itlifiLiiui Q9w^X^«ilf €immppmKt9i/m9mmA9i3P9 giXl Xam^!llm9 
i»90iuui tu»mA at tti« Apieal r««lon. f^ipoaur* to 200 pp« 
fdr 20 <imy0 shoireS «tIlaXar disorganisation aai ^lui 
•p i t l i t i i a i Iay«r i>«ea«« A tiir«aa iileo etruottirM* At tli« 
aeut« eoiio«ntz^atioiit 300 ppm of Ki»0f 9iiriQl»is« of liiqpatio 
tisMiio iraa ovido^t* lirpwpplaola ao^ riiomolatioa in 
i i i ^o^ i t io t i ssue vaa also notio@al»l«* k Xotigmc axpoouro 
to 200 ppm for 20 d a ^ brouniiit a^out ®07«r« daaa^o diao to 
ini«ox^3la rnifi accuriuiation naoloi a t 30»o ^Xaooe in ttio 
hopatlo ti0@u«@ on sxposuro to sino* 
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X viMh to 9M9rwm aqr noat aino9r9 gemtitvA^ 9mA 
a]ipr«<»iatloa to Profosaor Mairatb Hasan l^ian for his Taluablo 
^uidaaoo and orl t la los aurias tho progroas of tbia work* hm 
Qlimirami of th« Dt^ artaswat of iooXogj, hligmrh ^mmlim Jnirmrmitj 
AXig^Th ho vats kind vaeuiph to proTido nooossarj faoil lt iaa* 
ItiaJiike to 1^ oolXaacuao and frianda sp9@iaU.jr 
;-!r. .'lobd. ..;*hafiq, Dr. :«ilof«r aiavi. and .:«. ^ a^laa 3»iafi for 
tnolr oooporation mad iMlp during tho oxrporiia^ intaX vork. I 
as aXao tlianicfui to soty oolloaguo 1^* U • Uhari for stati^'^tloal 
%xmlyBiM of th« data* 
X a» ladaOtad to l^Xvmmitf Oronta Oo-^ imiaaion for 
fiaaiioial. aaaietaaoa dtarin^ ttia oourso of thia vork. 
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88FSgiSCI3 GlfSt) 
Ai>»i<s, a. 1950 t 
hlaml, •?,d, 1974 i 
Aiarwal, a, a. X?79 J 
A.Merdlcs«, D.F. 1965 i 
Anderson, J,H, 
Gartooy i>.,K, 
Anonym>tts 
* Aiioa]^M»«« 
^AnonyMus 
ioaw •ff«ota of inoifttiiio vaXts ea «li« 
laood apeelf ie gcmvlty and tl»«u« f lu ids 
of th« tolu* «11X« Fhy^iol. SooX* 
221124-154. 
fox le l ty of aynthfttlo d«t*rg«iita to fiaii 
mnd ftquatlo lctT«rt«brAte9. J. Fish. 
3 i o l . ^!.?79-298. 
Wat^r pollution ooatrol pzograanes for 
BM inland metropolitan area* ?roo» 
3yfiii. Environ• l i o l , 7-13. 
3osi@ effecta of simultaneotaa irmriation 
In nal ln i ty temparature, and diaaolvad 
omygen on th® roslatanoa of yoiang coho 
sialaon to a tox ic aubttarea, J, Fiah. 
a S I y.H. Car. 20J525-50. 
1969 t 'ODT'j aublathal affoots on brook trout 
noxTTOus syetaRi. iiclaijca, 164t44Q-441. 
1980 I Aottta l a t h a l i t y of ooppar, cadffiium, and 
ainc to northaiti aquaw fiah. Trana. 
A«. Flah. 300. i25»235-238. 
ia27 I In "fha i»ollution hand book* Sd. MalMiy K . , 
Panftite Sduoation, Diviaioti of Faofuin 
lttd«» 7110, Aabaaaador Hoad 9aiti«ora* 
U.S.A. (1975). 
1879 t Za *flia pollution band book** M . Mabay E. , 
Panguln Muoatlon, DlTialon of Pannuln 
I«f4«, 7X10, Aabasaador Eoad Baitiisoca, 
O.3.A. (1975). 
1876 t in **71ia pollution hand book** M. Mabay H., 
Paaguln Sduoation, I>iri«loii of Pan^uin 
Ltd*9 7110, Ambaaaador load ia i t inora , 
a.S.A. (1975). 
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Aconyaottt 
4n9t|jritOVI9 
•R *^ .^ * t% 
iaksr, J.T.P, 
3ehr«n8> 3« 
Btldlim, l^ *!** 
Shfttla, H.L, 
BliAtiiMMr* 3«Xi< 
X99S t 
1925 I 
1971 I 
1969 » 
Ballard, J.A. 
aad Dl l f f , to,J. 
;4otwanl, M.-*, 
and 
•'"amusohandiaBlf :>• J* 
1969 I 
1956 I 
1928 » 
1927 t 
d«n«t8«0fi, B.£. 1974 t 
In *fh9 poUtttlon hand book** M* ItelMjr &•» 
PoQgulii IMtaMi'tloikf Divtoion of ftsiid.ii 
Ittd*» TIIO. Aateooftdor Road Battlaeso* 
U.S.A. (1975). 
In **Tlio pollution hand book** M . Matooy R.» 
Poagitiii Mneation* DlTloion of PosiuiB 
Ltd. , 7110. Aftbaaoador Road 3attiaeso» 
a.S.A. (1975). 
standard nathodn for tho oxanination of 
wator and wasto vater* 17tli. Bdn. A». 
?ubl. Hlth. Aas., Saw Tork. 
l l a to lo i l oa l and alootsoa olexooeopical 
obaorvatlona on oopper polamilng in ^ a 
wintar flounder, f « £ a | 2 B l f | p a i f i t l f 
A rapid aathod for aoaauring tha aouto 
toxlo l ty of dlaaolvad natarlsilt t o auirin« 
tlnh9n, Wat. Rat, 2*^ 1*5~'5'^ «^ 
A ca!?9 of hftftvy flah siortallty in tha 
rlvar Son at :llhar oauaad by the waataa 
of the Hohtaa Induotrlaa Ltd.. 
ir. Ind. J. Fish, ^U)jl36-196» 
Zur pharaakologla daa Bla is . lYt 
^ i t ta i luns Obar dmn saehanlaaua dor 
blolTaxgifttinf fon Flaohan. Azoh. Ixp. 
Pathol, u, Phonaakol. H I * 511-514. 
fox lo i ty axporiaanta with llidi in 
]»ifosenoa to tnUlo waato pol lut ion. 
Tanma. An. JTioh. 3oo. J|XtlOO*119« 
i f faota of s ine on tbo aoirMMiit pattaxn 
of Hi a Bianov* Phaxiaua rtioxiaua. Vat. 
dm9. § (10)»329- l |5r 
1970 t fox io i ty of ooppox to ff4|f|||ilt fgJxala (aaa . ) , gaatlua t i o f and ^ l i a a 
xnuKfifMUf a t dxTfaxotti pn i a v a l s . <f. 
laloBd. flab* 8oe. Xai. 4|tl52*15d. 
1974 I HiotopatholoiieaX dbanfoi duo t o ooppox 
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'Sia«t» !i. and 1940 t 
and 3ta:i^, S .^T.C. 
Burton, D.r . , 
Jonasf '-^ •'T* MA 
Calxns, «r. Jr. 
C&lma, H.A., 1982 t 
Sartors, a.li, and 
Cardeilhac, ? .? . , 1981 s 
Thosapsou, :•. P • aiid 
Carr, *',!. 
Oarpantar, K.i . 1925 J 
Carpantar, K:,E. 1926 t 
Oazriiantar, K.l , 1927 i 
Carpantar, ic.g. 1950 i 
Cartar* h* 
Oatt, J, 
1962 
1954 
*Infl.iiaiiea Da Dagva' Da Sa l in l ta ' Ott 
XiXiatt Snr Xi« Toslolta* Sa OldLosttM 
llas«ttriq«a feikr X»a« iDliioeliaa* Qompt* 
Hand. Saa. S lo l . 15^ 1562-51^5. 
s i f fae ta of <^reBle ax^oaura te aino on 
tox la i ty of a alxttisa of datasi«at and 
s iaa . Vat. Raa. ft255*265• 
1972 t Aottta s ine t e x i o l t y to ralnbov trout 
( S J & I ^ gily^Pfrt)»oonfIraatiea of tha 
hypothaaia that daatti i a ral at ad to 
tiaavui hjnK»xia. 
^11465-1466. i» fiiAi. hn§, Bd. Can. 
Uaa of f iah vantI l lat ion fraquanoy to 
aatiaata ohronloaXXy aafa toxleant 
con cant rat i on. ?nma. An. Flah. 3oo. 
l l i ( I)170-77. 
p:iridanoa of natal poiaonin«s in acuta 
daatha of larga Eaddrua (aclaoaoua 
ooa l la ta ) . / a u l l . aaviroB. Co!>tam. 
toxiool7 12(5)«^?^-^^4. 
yn ths biological factc»ra involyed in 
daatrootion of rivar f iahari ta b,¥ 
pollution dua to laad gsininit* Ann. 
Appl. 3 i o l . i2. i l«15. 
tha laad odaa as an aetiva a^ant in 
rirar pol lut ion. Ann. Ap^l. a i o l . 
i l»395-401. 
fha XathaX aetion of aoluhla a a t a l l i o 
aalta on fiahaa. a r i t . Journ. Ixp* 
S io l . i i379-590. 
furthar raaaarehaa on tha • a t a l l i e 
aalta on fiahaa. Jour. Bzp. Sool. 
^1407-422 . 
Bloawiajr of trada vaataa. | J i i l 5 0 4 . liatura 
Coppar aolphata i a tha a l ia inat ioa of 
ooasaa f i ^ . fsaaa. iUMr. f iah . 8oo. 
l i t 276-280. 
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0*aia*3r» #• ! • «aA 1974 
Ool«««B, K.I*. 
I ' aftdaiua t o x i c i t y flAd biOQi||^«fitirAtloii 
ili;U.l« MrlTon.* G&nt&m, Texiedl* 
iit146-151, 
JlMOciii^rty, s .S , 1971 i 
Qhaag, 1..W, 1977 
wa%«r pol l t t t lon eontxel in 9 t««l 
iniiigtifi«0 im Ind ia • A plait f o r 
aot ion . f roo . Bfm» l a v l r o s . FoUut ion , 
s^ ^agsttf - •pp 107-112. OPHSII 3 
iBUrliPOii* E««»» f4t5a9* 
Charl , M.S. 1933 
Ghatu3^r«ai, A.C. 19S0 
ChauJian, t . P . S . , 1979 s 
Gupta, I . e . saa 
Oop«, O.B., 1970 s 
Wood* l .K. n d 
MftiittD, a.H. 
•OomiMir, J . 1817 i 
Csiui4*ll, Q^km and 196? 
i o o d n i i k t , C.J . 
Davy, f# l« , 1972 i 
and Q«D.al«r» P. 
f o x l o i t j of diaeiloal f o l l u t a a t a to a 
frejiirtiifater %«l@o.tt, Chapna layaotatyg. 
^h. 9. t l i a s i s , • A.H• U•, Aligarli . u'!>.130. 
t o x i c i t y of n icke l to Ito® l i v a r «n<i. 
icidnay of .qoliiis fa toimta. ?roe . n i l 
India Gong. Eool . , "'•thotsal. Aba. 
Ko.I pu. 190. 
Obsanmtioas on th« t o x i c i t y of cadstntB 
ohlorM® to lM|fg,gftfy§Mi I$mUM.-
~' y s l o . l o o l . £(2) 159-60. f*. oap. ?>!: 
3o»« chjponic « f fac t s of 2,4-7) on t he 
bittosiii (i^ fafffJri pffS'Pgllpi)' 
Oa tba af fae ta of blaek oxida of 
manf anaaa irliaa inhalad i n t o tha Itmga. 
B r i t . 4nii. Mad. F%av»., I i 4 1 . 
fiia a f fao ta of aub- la t^a l ooaaaBtsatiotia 
of oavasal tox ioao ta to IS}a ooimmm..mPPI* 
ipnm§ ntlmlPtm* traaa. m. Micro. 
3©e., 59 - 73 . 
&ffaeta of axpeatira t o aiab-Xatlial' BPf 
oa tlia loeoMOtor bahairiox- of go ld f la l i . 
J . f la i l . Eao. Sd. Cas. gfil311» 
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Day*, ?«t^. m d 
3«urald«, JuT, 
|}««liiBukh, 3 . 3 . 
i l t a l y , 0. s'. and 
Sal till« w . c 
n o m , P. 
?oudoroff, *., 
ABd<i rson» .ii • G. ^ 
J u r d i c k , O.r. , , 
Ga l t so f f f '\'ij», 
: . a r t , a l . J , , 
P&trlolc, ^ .f 
Strong, H.&., 
Van Horn, w.M. 
i>ott<loroff, ?. and 
Haton, J.Q, 
iilMlliagt 9. 
ElUa, M.R. 
1976 t Acruto Msd ebconlo t o x i c i t y of load 
to rainbow trout, JHOja (Bflf^ftfll , „ 
• Wat. l o o . i^t 
1975 
1980 
1926 
1974 : 
1951 
1955 
1974 t 
1928 
1957 I 
in hard aad aoft vator. 
199-206. 
LotlMtl lOTola of f i Hsr )>rooic trout, 
fti1fj^iia.1l»' Can. J. £ool« 
_ _ __ 
Siso colatod t o z l e i t y of ooopor aad 
ttoroiury to Lo]^|,^Si f f l^pi l i t i^t , MM£ jgSlilac aafid Cypmaiia oarplo. Ind. J. 
lixp, B io l , 
L¥«a voziexvy oz ooppor i 
lxiHirla«st« on tiio offoota of load on 
tto* growth of Plaico, J i lES2MS|£S,^ , 
t?latlasa. Ann. ATJ-II. 31O1. J J I 168-171. 
chloride 
Tbo offoots of m»re«rlc/ upon roa^lratlon 
Coataa. Toxicol. i2{I)j36-.91. 
lloaeaay mothodo for the ovaluatlon of 
aouto t o x i c i t y of industrial wastea to 
f lah. 3ow. Ind. Waatoa 2^(11)8 
1330-1391. 
Crit ioal roTlow of l l toraturo on tho 
toz io i ty of industrial vaatoa and thoir 
ooai>ononts to f l i ^ . 3ov. Ind. Van., 
1^*802. 
Ohxoaie oadaluii t o z i o i t y to bXuo g i l l , 
Fiah. Sot. 10^17297 
libar dio c i f t i i k o i t o la igor Sohvoraotall 
aalLsa aa Haadalnoa Fallas aus. Zoita. 
f laohorlo. ijtt^^9^l» 
Dataatloa aad aoaauraMnta of stroaa 
yallmtion. Bul l . !vo.22, 0.3.Bur. Fifth. 
M« 3*5-437. 
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i^inn, J. 1940 i 
ifinnmj, B.J, 1981 t 
i:r«93Mm, B,A. and 1971 t 
iT«xiiftrt, ¥,H. 
aardn«r, O.fi. and 1970 i 
y«vleh, P.P. 
4a»lnt •3.Z. fund 
3ia<liqul, A. 4. 
Ghosh, J . J . , 1973 t 
Jhatna^ar, %.K., 
3arkar, D, 
u l lea , K,h, and 1979 J 
'^  lap rat, D. 
t i i l l , T.S. an4 1931 i 
.\mtf r.C. 
Gordon, a.H. aad 1977 s 
Molaay, D.J. 
"f^Qrom, I*., 1978 I 
•Ad 
9ttp%«, k*tm aBd 1979 I 
RSja>tl(ln3L» V.K. 
SftYlBi flffto fxea M t a l yeiaoftt. E&§* 
Froblt ma lyc l* . 3* Shand «ad Oo. liitd.. 
Toxicity «f AlvalftiiMi liydioxid* 
oo«9Xax«« in nautsml and baaio aadla 
to »ilfil»ev txottt. Tvana. 4a. Flali. 
SOO* i00tM4-6S8. 
Hiatoloeleal aad haaaatologlcal 
r«0pono«a of an astuarlaa talaoat to 
oadaluK. J. fish. Haa. Sd. Can. 
22*21^5-21%. 
A l l smolo i loa l aarray of tba rlTar 
Kail with rafaranoa to fiah aor ta l l ty . 
iSnviron. Haalth S(4)s262-269. 
3oaa aaipaeta of biocbaaleal aaeaaaaant 
of "watar pol lut ion. l*roo. dym, on 
!2nviron. Pol l . C I^ISHI) nLRnvkW p->.41-43. 
tha raaidual oxyfaa taatsA rapid nathod 
for aatiaatlDg tlia aeuta la thal t o x i c i t y 
of aquatic oonta!siR<fcnta. Oaxi. 3pao. 
Hibl. nah. Aquatic Sol . i i j 3 7 - 4 5 . 
Bffaota of autolathal eoaoaiaitzatio& of 
aarottxy in a talaoat pmim 9^m¥mPm* 
Siooiaaaical and haaaatoloi leal i»iaponle« 
Ind. J. ixp. S i o l . , i2»571-573. 
Saalad Jar bioaaaaya fox p«lf a l i i 
a^TLuinta tox io i ty ia f f ta ta of aiaelaa 
and taaparatuxa. J. fixli* Atam 3d. 
Can. 34I15S9-159&. 
Histologieal dbaegaa la tlw axiaa aad 
tlaaua of oarp aftar ln<aatioa of faad 
oenlaalnatad with aaxousy. Bui. fysie. {Jatav. esfh. Hydro, a i o l . foftnaayt 
i i ( l ) t U - l 6 . 
Patliolofieal diangaa raaullilBg tmm 
toloaaxay of ooppar t o ^|fCTffiflffi|»t 
f o a a i l l a . Proe. Sya. mwli liWl. kroB« 
124 
mv&wtott, p» 
and 
f945 t th9 •ndUAtloa of iii4iwt]ri«X «««t«ttf 
oli«aiottX ani 9tli«r cvbittAneM to trmBh 
v«t«r fioliM* 4tl«ii%ie t«fifki»« Cki** ?!? ?* 
1171 I i f f •e ta df 4i««olr«i a«r««ft an UraftpuXp 
mill afflnaiit toxlai ty* ^at« Um* ^t69>-701. 
Jonaa, J •-US* 1955 * 
Jonaa* J*:^ *^* 1953 i 
Jonas* J . a . i , 1)4t) 
Joa^a, J «..••-• t^47 t 
?ha toxia aotion of htmry matal aalta on tltia 
tbraa apinad atioicXatiaalc { ^ i | | p y ^ l M 
aettlaatiia)* Jomr. iikp. Mol> | £ 1165*173 > 
"Sh9 ra lat iva t a x i a i t j af aalta of la»l» s lao 
and eopfar to tha atioklatNielE im<9 affaot of 
oalolti;^ on tha toxioitjr of X«a6 aa<i aiao 
aa l ta . il, Mp» dtoX^ jP§t»394-407• 
;.1ia t o x l o i t j o.f double ohloriaaa of aeroury 
and toil'jyt. ixparl»«ata with mimia«r. J* 
«3cp. , i ia l , 31*^55-330. 
Aha oxi-jgaa ooi^auaaptiois of fp,^yQ* 
aoala&tua i,. l a toxic aoXutioas. J. 
i i o l . ^8294-311 . 
H«p. 
Jonaa* J .uE» 1M? » fha raaotlona of 
tox lo aoXyttiona. 4» IXf* :iiol*. 
u» to 
j l lO -122 , 
JOAMly J* . . i * 1 Hcl ( 
^Caaia* fU«^ * and 1^74 
I^I«wia , iC, f» 1912 t 
Randall, M* .^ 1975 t 
Kliaacajrot* s«a, 1931 t 
A twpthtat otudy of tha raMitioaa of f iah to 
toxlo aoliitlofl^* J* Mp* Biol* iiS.t2a-54« 
i^a^TioraX altaratioa» in a aiapla pradator* 
prvf mymtmi Aua to attOlathal axposuraa to 
a«r«va>y* fraaa» Am^ ^ iMhm Soo* |j2lO )i^<'4«159« 
?lia m t i o a a l iwa of dialnfaataat a»4 «Icl.«i4aa 
in gnmialMl iratar auppliaa* 'Stli* Xntl* 
Cong* 4p9l» t^ Mtt* Orlff* Co»a» 2|6^ *«^ 4^ **4'* 
iioata affaota of nath/ l saroufy toxioit |r in 
eliaimal oatflaii (^  
dull* ^T« Coiktafli 
lataiiMraa ligfiA|i!|a))li4Aar« 
i#atlMtl affaata of s ine and Aiokal an fraali 
iratar taXaoata* i^eta* %avooiiaia« lirArolkiol* 
i ( 5)1297-302. 
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isi9mp9k&pmtp a»» 1972 
Ermk^y PsA* 1179 
Chftt«l9«» A* 
iiwaStvtf A.B. aad 1965 
Lloyd, a . I960 
^loyd, i . 1^61 
i<liura)i, M.€. 1910 
»iath«i»0«n» l»* 1973 
:ittttt«ir»« 4*F« 1904 
i%k|ju J«H« and 1971 
miMpatait into a slialXoir graiiant aablatlial 
oonaaatratioa of 99ppme in m& opm flaltf* 
J« Fiali* Ea«* aa* Oaa«t 23Lf^)<45»54* 
I llaafsr aotalo la %ita a^uatie marix^maaat • 
4a Xataraatioaal Ooafaraaoo* fargaaon 
?vm&t Xao«» Oxford* i^XmnA*x 392 p* 
I «oxle aotlon of oo^ >pai* on tlia g i l l s of 
oarp* .4aa« Liaao* Toulouao* X^CDslOI^IH* 
v>om» of facts of alk^i banaiana aulphoaato 
an tha blua |?ill» 
.Tan&* M&* 5? *JOO 
'j'ho toxioity of 3ixt'ar«B at ssino and 
ooppar sulphatfts to raiabow trout 
i i o i . | iJ535-35. 
.a'ffaet of diaeolvad oxygen oonooatration 
on the toxicity of ae^/eral polBoaa to 
raikhow trout. J, mp-» JIOU 5^ 8 447-455. 
fka traataaat of fi@h eultura uratem for 
th0 of algaa* xtull* aur. Fiah*, 2?|(II)8 
371*0^0. 
th9 af faata of Aiaaolirad siao oa tka 
?ha ralatioa Oatwaaa solatioa twaaioa, 
•tosia volaaa aadi plijraiolatioal aatioa 
of thm glaaaata* 4tt« #oitr* Fli^iol* 
Jjg> 1290-323 • 
Mao ia ralatioa to aotivatad aludga aa4 
aaovabia aifoatioa ^rooaoaaa* Pro«« 
ITtli* XaAitaf• tfaata Ooaf* Pardua IMIT* 
yafayvtta* Xadiaaat t*46t* 
t tiffaat of I«at tiOPa a^^aaivaa of ao^par 
oa aiufflfalf gravtiif a»i raprotuotioa of 
terook tvoat* #• ftali* taa* Si* Oaa.* 
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MXmny§ &•#< t f ? « 
11041, i«#« 
0*Hara, J. 
Osiaisia, J» 
i.% m '\ « 
'» S,3# and 
1977 
1977 
1971 
1931 
1176 
%mo 
Fiok«riilg» Q»li« 196& 
1917 
1977 
t' 4 f f t f i i l iv l lkdi fear Mt iumi la f th% ftomtft 
t o x i c i t y 9 f f i a l f si2J. i ^ f l «« i i t « « i i i 
m* Qma* ^ t 1 | 0 > » 1 3 f f • 
jra«itai^ o f doaoAtie ^n i fM le* Prnt^man 
uxfar i i t 4 a» i 5 Fi tansy '-igsiaret l^dndoa* 
^ill@ ®xi>i»s«d t@ SMbletlial tr«N%tfs#£it with 
mppmr* imtm *t«a, 5.S 521-327. 
•jn th.© toxi© a#tiiaa #f ii80olv*NI ©alts 
aad th®lr ioas ttpon jr®yi« #«l8» J . lap t r i a l 
2©xiooXoi:ioal ®ff®ota of ssrcury on m 
trmmhvmt®r f i sh . ^ I J M . «i l tf , lBiJ^"^v* * 
^ a i , } ami thmtr 
M C U i 5 1 - 3 9 . 
I n l iard wator* Ooaip* Fliysiol.* I t o l * 
iC3)t149«150. 
t i%t l0a« mpoB t l ie t o x i o i t f o f t i a o t o t l io 
l>lm« t i X l * Mat* ftos* 2,tfS7<»tfi« 
£^« f O U f i s ^ t a iy^y.^ i i« f iw | ^y | | • • m 
tm% a i i i a ^ l a %&• atmAf o f % o i t e i t y * l I f 
S i o i , ?^ao«» 4 i 1 t 7 - 1 f 3 . 
i k o of foo t o f oxpooairo to- a oakaoato 
ooaooatratioft o f j ^ i ra t i i l oa oa t&o 
l i ^av io iu^ o f t l io f o i i f i o l i * B a l l 
O^itaa* f o s i e o l * fa,i2Sf*a66> 
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HMtniBt ^* and 1954 I 
Osn«r 
Eo^ta, 4 * 1 . mjKl 1962 
Euahtoa, '^« 1920 
Eu»htoR, 4, 1922 
iusliton, «'• 1949 
aifid Gupta , P•:-•'-• 
stry, ^:,V, 19o0 
aastry, ^.V. And 194*0 
awitxy, d r « and 1981 
3&X*!!** 0,F* and 1931 
Biui«a«f o«p,» l^dl 
p l M l * l a tal.aests naiieit»iB«d in dmrlciiM** 
dmtnwty A«plurotdxioity in tlio r«t tI .Faotor« 
infXaiMieliig tli« looAliaatioii of %h« tu^ulio^ 
i M i o a s . ^nor* J* imtbo* 41}297> 
rlsli t i e su t s and fislt pai»oii»« aaXaoa and 
trout mkg*» Ho* a?i4a«»SS. 
"BloXogloai aotos**. 3aXaoa and t]!t>ut 
magaalBO. g^s42-51« 
'*.iiOlOglOal I30t»«* 
i ^ j 5 7 « 6 1 . 
Salaon aad rrout 4^air» 
ira««f» B,3« 
Jhronlo aiarcuTlo chlorl<!o lnto:%ication la 
diiS«»BtiT9 mfstm^ of ghaaaa ot^^Qtattufl. J . 
.Coxleol. i^viron, aooltli |.( 5-6)»777-7-83 • 
iilBtopathologleai ohaagoe in i^ltl„9«i»Haa.M 
aaaotktaa ohroaloalXy aEpoeai to aarourie 
ohXorlda* kttsm Uo^ f 0W22» p.;Ko.19'^.?roe* 
AJll lad* 3ei« Ooag* ^o I« t lihopal* 
^^tudlaa oa afroot of load a i t r a t a oa th» 
ovary of a tolaoat fiah* ^fft^fftuM^M 
s inMta ty . i^oo* JklX* Ia4* 3ol . Oeaf* 
Sool*, mopal* Aba* lio*fCt«>-a4» F«^*200* 
Maad a i t ra ta iadiioad pliyaioXacioa]. alt»-> 
rations l a a fav tlaauaa of latapaaaaiaataa 
fi l i l i l i i l i * * * • « • ^ t * Sya* i t a l * Avriroa* 9§hpWP» 4 ^ . Sl0«2U F«iO*14* 
Toxiaity of load to eouumm iMmtliltn -
latX, J , .load* letHyol, i c i / t H - W . 
f9xi«it:r of « fiw h9K9Y aatala to fraab 
vatar f la l i ct||gaQA ffiltti W M - ^* letiijroi* 
i d ) 137-40. 
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HovMNi, ?•!• and 
3oh«r«rt '^* 
mid 
^jkXdmovm, «l»r« 
and 
and 
1979 
1980 t 
1970 
1 n2 
\m 
Jrlvastavat lim^l* 1961 
sad ffmgit .<!•%• 
Jtrlk, .r.J.T.rf.A. 1976 
faat J»#«4«»«iid 
Baylor» 4*iS. a»d 1960 
^llMMUIt 4a 1915 
A wm%h9^ to •fttXttftt* th« off tot* of 
wotor pollutoalw on flob r«opimti«i« 
w»t. a»«., 11751i757* 
fexioitjr too to for frooh wmtor orgoaloae* 
Ooft. 3poe« Fuli2.# Fioh. Aoitftt* Soi*v 
onoorvmtioao on tiko toxioitjr of ooso 
htkrf iiot*2,o to ft frooli votor tolooot* 
?ui|tl^B tio%» Proo* 41X lii«3« 3oi* CToai* 
Ja tli# aooiiaatXatlan of norouf^ in tho 
blood* XiT«r* oplowat aa^ kidnoy of 
" _ dl,aaotyl\j^ mud rooiiXtl»c la 
'MmmtoXbgiGt oytohaoasatolOigio and 
MetopathoXOfio altoratians* Aota« 
,4i!ylat. 21(1) 4219-225, 
ito#plratloa an4 os^tor^guXatioa la ral»1»ov 
trout with gtlXm dmw^od by slao oi^ dphato* 
J. jap. a io l . , S2.«4 '^-4'*^« 
s'oxlc ett9G%& of sslftc suipiiato oa ^111» 
of rainbow trout. «at. ii«0. 4«217-230, 
s J?ho uso of l>lu@ g i l l broathlag i^tos to 
dotoot slao. iat* aoe., iCa) 1695-911. 
Aouto toxieity of ooppor aad Ito proOaOld 
offooto oa tliyroid of tia® fr^ r of 
^iltrttirlallil panotatttf. Hsporlaoatla* 
{ IASE) l l { i l ) io i7- iSia• 
Sii^othal of f ooto of toxio o&oaUlmilo oa 
oa ofaatio anftiMlji* Froo* Swoiloli* 
SotliorlMii 8f»» tfftfoalaffoa* lotliorlaado* 
54-»94* Ho* xlaitCM4-4ll99-§, y ^ a . Hy, 
Sloorlor 8#&« ViOiX Oo« 4r»otorda»» 
lotiiorlaAiaf tf4 »« 
Oa tbo pliyololMtioal offooto of thlo 
oiiiiottfioo oa aaiaalot day»» tioop* i%o*» 
4i4a3-^10» 
iiffooto of oortaia aotall.10 oalto twoa 
floikoo. fraao* Aa« floli« Soo«» | i i i20-124. 
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1975 
Usp«aakaya» ?•!• 1946 
ftgrnn, Qmk* and 1977 
Vi J«iraa«dh«Tft!i, 1975 
K«f* and 
Ival, f. 
fo0i9l, F .s . 1959 » 
i^lrtH, U.S. and 
Tan Mora* it?. 
4 a s t f a l l * B.A. 
iflaooiuiln :^ i^tat« 
Ooatmittaa 
194B 
1945 
1959 
fm 19109. 12 %ott Straat, IiMiiMi i O U 
IS i S!l3f Oxford Straatv forofttOf Oiit«rio» 
If IS af 9» OaaaAa* 
I lK9«riB«it«X otearvmtloiui MI %iia iafluaao* 
%«• it $«Bit»t mm, 11.(11}ii«i$» 
I flia raaidual oiyfan lilOtttaariA r«f$4 
natkua^ d to pradief afflu««i% toxieily ta 
ralabav trout, ^lat. Km* Xli545*346. 
t Eiatoaliaiiieal obaacvatiaaa o» tl&a pamaa-
tlOB af haavjr matala late taata t»iida of 
Sid f iah. Bull. Jap. 3oo. 3ai . #iah.» (6)1631-639. 
under 
?ha dapoaitlon of axoi^ aaoue ooppar/axpa* 
rlsfioital ooaditloaa with obaarratioiia on 
ita nataarotoxlo propartii® and naaHTOtoxio 
propartiaa in ralatioa to tfllaon^a 
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